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Tuning the magnetic behaviors in [FeIII12Ln
III
4]

clusters with aromatic carboxylate ligandsQ1 †

Sui-Jun Liu, Yong-Fei Zeng, Li Xue, Song-De Han, Ji-Min Jia, Tong-Liang Hu* and
Xian-He BuQ2

A family of Fe12Ln4 clusters based on thiophene-3-carboxylic acid (3-TCA) or 3-methoxybenzoic acid

(m-MOBA) were synthesized with a step-by-step strategy, namely [Fe12Ln4(μ4-O)6(μ3-O)4(μ3-OH)4-

(3-TCA)24] (Ln = La (1), Gd (3) and Dy (4)), {[Fe24Sm8(μ4-O)12(μ3-O)8(μ3-OH)8(3-TCA)46(NO3)2]·4CH3CN}

(2), [Fe12La4(μ4-O)6(μ3-O)4(μ3-OH)4(m-MOBA)24] (5) and {[Fe12Sm4(μ4-O)6(μ3-O)4(μ3-OH)4(m-MOBA)24]·

4CH3CN} (6). For each of the six complexes, two Fe4O2(OH)2 cubane units “sandwich” four FeIII centers to

form Fe12O10(OH)4, and it is further connected to four LnIII ions through six μ4-O2− bridges to obtain a

Fe12Ln4 core. Magnetic analyses indicate that 1–6 show different magnetic properties, and 2 and 6 show

SMM-like behaviors, due to the differences in lanthanide ions and aromatic monocarboxylate ligands.

Note that SmIII-containing 3d–4f clusters exhibiting SMM-like behavior are still rare in the documented

cases.

Introduction

In recent years, cluster complexes and coordination polymers
based on polynuclear clusters have drawn much attention of
researchers, focusing on designing new functional molecular
magnetic materials and metal–organic frameworks.1

Especially, considerable interest has been focused on employ-
ing a heterometallic approach to construct clusters and chain
based compounds with fascinating magnetic phenomena,2

such as single-chain magnets (SCMs) behavior3 and single-
molecule magnets (SMMs) behavior,4 which might be promis-
ing candidates for novel functional molecular magnetic
materials.5 The synthesis of SMMs with larger energy barriers
and higher blocking temperature has become an area of inten-
sive research activity since the first discovery of SMMs in the
1990s.6 Usually, SMM behavior results from the favorable
arrangement of metal ions with single ion anisotropy in a
high-ground-spin state molecule.7 In the search for enhanced
SMMs, the combination of 4f and 3d metal ions has been
gradually receiving more and more attention.8 Additionally,
the potential of iron-based systems has long been recognized

by chemical researchers for the synthesis of magnetically inter-
esting systems and SMMs.9 More recently, interesting and
unusual magnetic effects have been observed on lanthanide
complexes, especially those involving Tb and Dy because of
their large anisotropy.2f,10 Thus, several FeIII–LnIII systems have
been documented in order to incorporate favorable properties
of both FeIII and LnIII ions (many examples for Ln = Tb/Dy).11

Bearing various bridging modes and magnetic exchange
pathways between metal centers, carboxylate ligands have
been widely used in the construction of 3d complexes with
novel structures and interesting magnetic properties.12

However, pure carboxylate ligands are rarely used for building
FeIII–LnIII clusters, due to the great challenge of the synthetic
approach.4a,13 Inspired by a step-by-step strategy,13,14 classic
iron-based precursors (Fe3O clusters) could be firstly syn-
thesized; then Fe3O precursors as primary reactants react with
lanthanide ions to facilitate the cluster formation. By this
approach, we have obtained some new bridging networks
affording interesting magneto-structural information. The
Fe12Sm4 cluster constructed from benzoic acid displaying
SMM behavior, which originates from the anisotropy of SmIII

ions and is still rare in the documented cases, has been
reported by our group.15 In this work, we chose thiophene-3-
carboxylic acid (3-TCA) and 3-methoxybenzoic acid (m-MOBA)
(Scheme 1) as primary ligands, because not only they are rigid
ligands with carboxylate groups to construct high-nuclear
clusters but also they are similar to benzoic acid in order to
better understand the variations of magnetic behavior of the
complexes.

†Electronic supplementary information (ESI) available. CCDCQ3 894850–894855.
For ESI and crystallographic data in CIF or other electronic format see DOI:
10.1039/c3qi00083d
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As part of our continuing studies on the synthesis and mag-
netic properties of Fe–Ln clusters,15 we report herein a family
of Fe12Ln4 clusters from the reaction of 3-TCA/m-MOBA and
metal ions of iron and lanthanide, namely [Fe12Ln4(μ4-O)6-
(μ3-O)4(μ3-OH)4(3-TCA)24] (Ln = La (1), Gd (3) and Dy (4)),
{[Fe24Sm8(μ4-O)12(μ3-O)8(μ3-OH)8(3-TCA)46(NO3)2]·4CH3CN} (2),
[Fe12La4(μ4-O)6(μ3-O)4(μ3-OH)4(m-MOBA)24] (5) and {[Fe12Sm4-
(μ4-O)6(μ3-O)4(μ3-OH)4(m-MOBA)24]·4CH3CN} (6). It is revealed
that 2 and 6 show SMM-like behaviors. Interestingly, no SMM-
like behaviour for 4 was observed despite the strong anisotropy
of DyIII ions. To the best of our knowledge, SmIII-containing
3d–4f clusters exhibiting SMM-like behavior have been
reported rarely so far.

Experimental
Materials and measurements

All the starting materials for synthesis were commercially avail-
able and used as received. [Fe3O(3-TCA)6(H2O)3](3-TCA) and
[Fe3O(m-MOBA)6(H2O)3](m-MOBA) were prepared according to
the procedures reported previously with small modifications.16

Elemental analyses (C, H and N) were performed on a Perkin-
Elmer 240C analyzer (Perkin-Elmer, USA). IR spectra were
measured on a TENSOR 27 OPUS FT-IR spectrometer using
KBr disks dispersed with sample powders in the
4000–400 cm−1 range (Bruker, German). Magnetic data were
collected using crystals of the samples on a Quantum Design
MPMS-XL-7 SQUID magnetometer. The data were corrected
using Pascal’s constants to calculate the diamagnetic suscepti-
bility, and experimental corrections for the sample holder were
applied.

Synthesis of 1–6

[Fe12La4(μ4-O)6(μ3-O)4(μ3-OH)4(3-TCA)24] (1). [Fe3O(3-TCA)6-
(H2O)3](3-TCA) (0.1 mmol) and La(NO3)3·6H2O (0.1 mmol)
were added to 9 mL MeCN solution, stirred for 5 min and
transferred to a 23 mL Teflon-lined autoclave and heated to
135 °C for 2 days. After cooling to room temperature, brown
crystals were collected. The yield was ca. 20% based on La.
Anal. calcd for C120H76Fe12S24O62La4 (%): C, 31.99; H, 1.70.
Found (%): C, 31.62; H, 2.12. FT-IR (cm−1): 3420w, 3112w,
2170w, 1575m, 1520s, 1438s, 1357s, 878m, 832m, 759s, 694m.

{[Fe24Sm8(μ4-O)12(μ3-O)8(μ3-OH)8(3-TCA)46(NO3)2]·4CH3CN}
(2). A similar procedure as that for 1 was used for this
complex except that La(NO3)3·6H2O was replaced by Sm-
(NO3)3·6H2O and the heating temperature was 125 °C. The
yield was ca. 28% based on Sm. Anal. calcd for C238H158Fe24-
S46O126N6Sm8 (%): C, 31.28; H, 1.74; N, 0.92. Found (%): C,
31.79; H, 2.19; N, 1.36. FT-IR (cm−1): 3109w, 2366w, 2330w,
1579s, 1526m, 1438s, 1358s, 873w, 833w, 758s, 697w.

[Fe12Gd4(μ4-O)6(μ3-O)4(μ3-OH)4(3-TCA)24] (3). A similar pro-
cedure as that for 1 was used for this complex except that
La(NO3)3·6H2O was replaced by Gd(NO3)3·6H2O and the
heating temperature was 140 °C. The yield was ca. 25% based
on Gd. Anal. calcd for C120H76Fe12S24O62Gd4 (%): C, 31.48; H,
1.67. Found (%): C, 31.03; H, 2.20. FT-IR (cm−1): 3414w,
3118m, 1575s, 1523s, 1442s, 1351s, 1126m, 840m, 758s, 695m,
462m.

[Fe12Dy4(μ4-O)6(μ3-O)4(μ3-OH)4(3-TCA)24] (4). A similar pro-
cedure as that for 1 was used for this complex except that La-
(NO3)3·6H2O was replaced by Dy(NO3)3·6H2O and the heating
temperature was 135 °C. The yield was ca. 23% based on Dy.
Anal. calcd for C120H76Fe12S24O62Dy4 (%): C, 31.34; H, 1.67.
Found (%): C, 31.01; H, 2.09. FT-IR (cm−1): 3364s, 1617s,
1512s, 1462m, 1338s, 842m, 776m, 722m, 648m.

[Fe12La4(μ4-O)6(μ3-O)4(μ3-OH)4(m-MOBA)24] (5). [Fe3O(m-
MOBA)6(H2O)3](m-MOBA) (0.1 mmol) and La(NO3)3·6H2O
(0.1 mmol) were added to 9 mL MeCN solution, stirred for
5 min and transferred to a 23 mL Teflon-lined autoclave and
heated to 130 °C for 2 days. After cooling to room temperature,
brown crystals were collected. The yield was ca. 23% based on
La. Anal. calcd for C192H172Fe12O86La4 (%): C, 45.38; H, 3.41.
Found (%): C, 44.97; H, 3.73. FT-IR (cm−1): 3418w, 3132w,
2366w, 1558 s, 1454m, 1406s, 1248m, 1124m, 1037m, 764s,
464m.

{[Fe12Sm4(μ4-O)6(μ3-O)4(μ3-OH)4(m-MOBA)24]·4CH3CN} (6).
A similar procedure as that for 5 was used for this complex
except that La(NO3)3·6H2O was replaced by Sm(NO3)3·6H2O
and the heating temperature was 140 °C. The yield was
ca. ∼26% based on Sm. Anal. calcd for C199H181Fe12N4O86Sm4

(%): C, 45.30; H, 3.45; N, 1.06. Found (%): C, 44.61; H, 3.44; N,
0.59. FT-IR (cm−1): 3358s, 2843w, 2361m, 1567s, 1456s, 1410s,
1284m, 1249m, 1044m, 764s, 465m.

Crystallographic studies

X-ray single-crystal diffraction data for complexes 1–5 and 6
were collected on a SCX-Mini diffractometer at 293(2) K and a
Rigaku RAXIS-RAPID diffractometer at 113(2) K with Mo-Kα
radiation (λ = 0.71073 Å) by ω scan mode, respectively. The
program CrystalClear17 was used for integration of the diffrac-
tion profiles. All the structures were solved by direct methods
using the SHELXS program of the SHELXTL package and
refined by full-matrix least-squares methods with SHELXL
(semi-empirical absorption corrections were applied using
SADABS program).18 Metal atoms in complexes 1–6 were
located from E-maps and other non-hydrogen atoms were
located in successive difference Fourier syntheses and refined
with anisotropic thermal parameters on F2. The hydrogen

Scheme 1 The structure core of Fe3O precursor constructed from
3-TCA or m-MOBA.
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atoms of the ligands were generated theoretically onto the
specific atoms and refined isotropically with fixed thermal
factors. The hydrogen atoms of hydroxyl groups were not
assigned. Detailed crystallographic data are summarized in
Table 1. CCDC 894850–894855 (complexes 1–6) contain the
supplementary crystallographic data for this paper.

Results and discussion
Synthesis considerations

A step-by-step strategy was employed to synthesize six new
Fe12Ln4 clusters, which can guide the synthesis of high-
nuclear 3d–4f clusters. In the solvothermal reaction, an an-
hydrous environment is necessary for successfully obtaining
target complexes. The starting material is a triangular Fe3O
cluster, but it was transformed into Fe4O4 moieties in the final
product, which may be facilitated by the addition of Ln(NO3)3.
Besides the method in the Experimental section, we have tried
a one-step method to construct target clusters. Unfortunately,
no single crystals were afforded for structural analysis in our
efforts to prepare the clusters. Notably, the synthetic tempera-
tures and yields of 1–6 have some small differences and their
stabilities are not very good.

Structural characterization

Complexes 1–4 and 5–6 are isostructural, respectively, with a
similar structure as in the reported study15 by our group,
although complex 2 consists of two different [Fe12Sm4] clus-
ters, one containing 24 3-TCA ligands and another including
22 3-TCA ligands and 2 NO3

− anions. Therefore, herein only
the structure of 3 is described briefly. Single-crystal X-ray diffr-
action analysis reveals that complex 3 crystallizes in the C2/c
space group. The asymmetric unit of 3 consists of six FeIII

ions, two GdIII ions, three μ4-O2− anions, two μ3-O2− anions,

two μ3-OH groups and twelve 3-TCA ligands. The ranges of
Gd–O and Fe–O bond lengths are 2.323(10)–2.551(9) Å and
1.816(9)–2.111(10) Å, respectively, and O–Gd–O and O–Fe–O
angles fall in the ranges of 67.5(3)–146.0(4)° and 80.9(4)–
168.2(5)°. Each of the FeIII ions has a distorted octahedral
coordination geometry and all of the GdIII ions are in a dis-
torted square-antiprism fashion. As shown in Fig. 1a and 1c,
two μ3-OH− and two O2− anions bridge four FeIII ions to form
Fe4O2(OH)2 cubane units, and two of these cubane units
“sandwich” four central FeIII ions via four μ3-O2− bridges. The
connection of two cubane units and one central Fe4 unit forms
a Fe12O10(OH)4 core along with the two Fe4O2(OH)2 cubane
units. Further, four GdIII ions are linked to Fe12O10(OH)4
through six μ4-O2− anions, forming the Fe12Gd4 core of 3. In
other words, the four GdIII ions are linked between the
cubanes and the central Fe4 group. In addition, twenty η1:η1-
μ2-3-TCA ligands and four η1:η2-μ3-3-TCA ligands occupy the
periphery of the Fe12Gd4 core and complete the coordination
spheres of the FeIII and GdIII centers by the O atoms of the
carboxylate group. The molecular structure of 6 based on
m-MOBA is shown in Fig. 1b.

Magnetic properties

Magnetic measurements were carried out on crystalline
samples of 1–6 and their magnetic properties were investigated
by solid state magnetic susceptibility measurements in the
2–300 K range at 1 kOe field and the isothermal field-depen-
dent magnetizations M(H) at fields up to 50/70 kOe. The alter-
nating current (ac) susceptibility measurements for 2, 4 and 6
were performed at low temperatures under Hdc = 0 Oe and
Hac = 3.5 Oe for variable frequencies (from 1488 Hz to 3 Hz).
Despite the fact that they contain a similar structure, they
show varying magnetic behaviors as discussed below.

The magnetic properties in the form of χMT vs. T plots of
1–6 are shown in Fig. 2. Because 1 and 5 contain diamagnetic

Table 1 Crystal data and structure refinement parameters for complexes 1–6

1 2 3 4 5 6

Chemical formula C120H76Fe12S24-
O62La4

C238H158Fe24S46-
N6O126Sm8

C120H76Fe12S24-
O62Gd4

C120H76Fe12S24-
O62Dy4

C192H172Fe12-
O86La4

C199H181Fe12N4-
O86Sm4

Formula weight 4505.17 9135.66 4578.55 4599.55 5081.13 5276.08
Crystal system Monoclinic Triclinic Monoclinic Monoclinic Triclinic Triclinic
Space group C2/c P1̄ C2/c C2/c P1̄ P1̄
a (Å) 29.727(6) 17.441(4) 29.688(6) 29.630(6) 17.982(4) 17.790(3)
b (Å) 27.890(6) 18.664(4) 27.889(6) 27.930(6) 19.269(4) 18.955(3)
c (Å) 20.138(4) 28.858(6) 20.013(4) 19.955(4) 19.494(4) 19.512(4)
α/° 90 107.129(3) 90 90 60.62(3) 118.971(11)
β/° 95.33(3) 91.4500(10) 95.96(3) 96.10(3) 68.77(3) 95.426(17)
γ/° 90 115.983(4) 90 90 74.31(3) 106.737(13)
V/Å3 16 624(6) 7939(3) 16 480(6) 16 421(6) 5450.5(19) 5293.0(16)
Z 4 1 4 4 1 1
Dcalcd/g cm−3 1.798 1.911 1.845 1.860 1.502 1.655
µ/mm−1 2.399 2.903 2.993 3.208 1.622 1.979
T/K 293(2) 293(2) 293(2) 293(2) 293(2) 113(2)
Rint 0.1692 0.0339 0.1288 0.1438 0.1365 0.0434
Ra[I > 2σ(I)] 0.1216 0.0895 0.1023 0.1024 0.1045 0.0533
wRb[all data] 0.2897 0.2400 0.2437 0.2149 0.2815 0.1623

a R1 = ∑kFo| − |Fck/∑|Fo|.
bwR2 = [∑[w(Fo

2 − Fc
2)2]/∑w(Fo

2)2]1/2.
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LaIII ions, they can be simplified as a Fe12 core from the mag-
netic point of view. For 1 and 5, the χMT values are 22.49 and
20.90 emu mol−1 K at 300 K, respectively, which are much
lower than the expected value of 52.5 emu mol−1 K for twelve
FeIII ions (S = 5/2, g = 2) suggesting dominant antiferro-
magnetic (AF) interactions between FeIII ions in 1 and 5.2f As
the temperature decreases, the value of χMT slowly decreases
down to a minimum value of 19.31 emu mol−1 K at 120 K for 1
and 19.11 emu mol−1 K at 140 K for 5, further indicating AF
coupling between metal centres. Upon lowering the tempera-
ture to 3.5 K and 7 K, χMT abruptly increases to the maximum
values (39.91 and 36.82 emu mol−1 K, respectively), showing
ferromagnetic (F) interactions between FeIII ions in 1 and 5.
Further cooling the temperature, χMT decreases down to the
minimum values of 39.31 and 34.47 emu mol−1 K at 2 K. It is
noteworthy that in the temperature range 2–300 K both F and
AF interactions exist in the Fe12 core of 1 and 5 but at a specific
temperature only one is dominant given that the Fe–O–Fe
angles are about 95° and 130°.

For 2 and 6, the values for χMT at 300 K are 21.12 and 20.99
emu mol−1 K, much lower than the theoretical value of 52.86
emu mol−1 K for four SmIII (6H5/2, L = 5, g = 2/7) and twelve
FeIII ions,15,19 which indicates strong AF coupling between
metal centers. The χMT values decrease gradually until 95 and
140 K, reaching 19.55 and 19.51 emu mol−1 K, respectively.
When the temperature decreases, the χMT values increase,
reaching maximum values of 41.32 and 38.40 emu mol−1 K at
5 and 6 K, respectively. The χMT products then decrease with a
further lowering of the temperature and attain values of 38.59
and 36.68 emu mol−1 K at 2 K because of zero-field splitting
and/or AF interaction among Fe12Sm4 clusters. As a result,
both F and AF interactions exist between metal ions.

For 3, the value for χMT at room temperature is 50.32 emu
mol−1 K, much lower than the theoretical value of 84.02 emu
mol−1 K for four GdIII (8H7/2, L = 0, g = 2) and twelve FeIII ions,
which indicates strong AF coupling between metal centers.
Upon cooling, the χMT value remains nearly constant, reaching
49.89 emu mol−1 K at 18 K, and then decreases rapidly to a
value of 20.35 emu mol−1 K at 2 K. This is because dominant
AF interaction among Fe12Gd4 clusters exists in 3. For 4, the

value for χMT at room temperature is 82.45 emu mol−1 K, lower
than the theoretical value of 109.18 emu mol−1 K for four DyIII

(6H15/2, L = 5, g = 3/4) and twelve FeIII ions, which indicates
strong AF coupling between metal ions. Upon cooling, the χMT
value linearly decreases, reaching 75.84 emu mol−1 K at 22 K,
and then decreases rapidly to a value of 45.07 emu mol−1 K at
2 K. This is attributed to dominant AF interaction among
Fe12Dy4 clusters.

The M vs. H curves (at 2 K) for 1–6 are shown in Fig. 3. For
1, the magnetization at 2 K tends to saturation values of
17.37Nβ at 50 kOe and the experimental magnetization curve
is below the red line that presents the Brillouin function for
S = 8 ground state with g = 2.1, confirming again the existence of
AF coupling between the FeIII ions (Fig. S1, ESI†). The magneti-
zation for 5 is familiar to that for 1. For 2 and 6, M increases
quickly at very low field. In the high field region the increase
of magnetization is slow, reaching 19.03 and 19.09Nβ at 50
kOe, which are consistent with the theoretical saturated value
of 18.89Nβ. For 3, M increases linearly at low field and reaches
46.19Nβ at 50 kOe, which is a little higher than the theoretical
value of 44.04Nβ. The M vs. H curve of 4 is similar to that of 3.
The magnetizations for 2, 3, 4 and 6 at 2 K tend to saturation
values that may be ascribed to weak AF interactions between
FeIII ions and LnIII ions.

Table 2 shows susceptibility data at 300 K for the Fe12Ln4

series of 1–6. ΔχMT, the contribution to the χMT value of the
Ln4 part in Fe12Ln4, is calculated as χMT (Fe12Ln4) – χMT (1 or
5). For 2, the ΔχMT value is −1.37 emu mol−1 K, which indi-
cates AF coupling between SmIII ions and FeIII ions at 300 K.
For 3 and 4, the ΔχMT values at 300 K are far below than that
expected for a Fe12 unit and four GdIII/DyIII ions, indicating
that the magnetic exchange interactions between the GdIII/
DyIII and FeIII ions are very weak. For 6, the ΔχMT value is
almost zero, which suggests that the magnetic interactions
between GdIII and GdIII/FeIII ions at room temperature are
negligible.

In order to elucidate possible SMM behavior, ac measure-
ments for 2, 4 and 6 were performed. Ac Q4susceptibility
measurements for 2 and 6 indicate that whereas the in-phase
curves (χ′) at high temperature are almost consistent above

Fig. 1 (a) The molecular structure of 3; (b) the molecular structure of 6; (c) the Fe12Gd4 core of 3.
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3 K, peaks arise below 3 K, and a frequency dependent out-of-
phase signal appears, indicating a slow relaxation behavior of
the magnetization (Fig. 4). However, the maximum value of χ″
was not observed even at the low temperature (2 K) and high
frequency (1488 Hz) due to the limit of the magnetometer. The
pre-exponential factor (τ0) and energy barrier (U) to reverse the
magnetization can be roughly estimated from the ln(χ″M/χ′M)

vs. 1/T plot at 997 Hz for 2 and 1488 Hz for 6 by considering a
single relaxation time (Fig. S2, ESI†). The least-squares fitting
of the experimental data through the expression χ″M/χ′M = 2πυτ0
exp(U/kBT ) gave τ0 ≈ 5.9 × 10−8 s and U ≈ 9.8 K for 2, and τ0 ≈
1.0 × 10−7 s and U ≈ 8.7 K for 6, respectively. The ac signals
suggest the prevalence of quantum tunnelling effect at low
temperature. Due to the absence of out-of-phase ac signals in
1 and 5 (Fig. S3, ESI†), the slow magnetic relaxation in 2 and 6
can be attributed to magnetic anisotropy induced by the intro-
duction of SmIII ions with unquenched spin–orbit coupling.

Because slow relaxation of magnetization is experimentally
observed only over a short range of temperatures and no
maximum of χ″ is found at the low temperatures technically
available, the estimation of these characteristic parameters
might not be very accurate, but τ0 values are consistent with
the expected values (τ0 = 10−6–10−11 s) for SMMs.20 Ac suscepti-
bility measurement for 4 indicates that whereas all the in-
phase curves (χ′) are almost consistent without peaks, a weak
frequency dependent out-of-phase signal appears, indicating a
slow relaxation behavior of the magnetization (Fig. S4, ESI†).
The energy barrier and characteristic relaxation time could not

Fig. 2 Temperature dependence of magnetic susceptibilities in the
forms of χMT at an applied field of 1 kOe for 1–6.

Fig. 3 The M vs. H plots at 2 K for 1 ( ), 2 ( ), 3 ( ), 4 ( ), 5 (□) and
6 ( ).
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be obtained because the maximum value of χ″ was not found
due to the 2 K temperature limit of the instrument. Therefore,
slow magnetic relaxation behaviors for 2, 4 and 6 were
observed, and 2 and 6 exhibit SMM-like properties. Notably,
SmIII-containing complexes displaying SMM-like behaviors are
rare because the anisotropy of SmIII ions is weaker than that of
other anisotropic lanthanide ions such as TbIII and DyIII ions.
Additionally, compared with the first SmIII SMM Fe12Sm4

cluster derived from benzoic acid,15 complexes 2 and 6 exhibit
SMM-like behaviors because of the relatively high measure-
ment temperatures (above 2 K).

Conclusions

In summary, we present here six new Fe12Ln4 clusters syn-
thesized with a step-by-step strategy. Varying magnetic pro-
perties of the six complexes may result from distinct
monocarboxylate ligands and 4f metal ions. Ac magnetic
measurements show frequency dependence of the out-of-
phase magnetic susceptibility (χ″) suggesting slow relaxation
of the magnetization for 2, 4 and 6. No obvious χ″ peak but
strong field-dependent χ′ and χ″ signals can be found,
suggesting SMM-like properties for 2 and 6, and the existence
of zero-field quantum tunnelling at low temperature. There-
fore, the series Q5study of Fe12Ln4 clusters provides a good
example for the construction of high-nuclear Fe–Ln clusters
with different magnetic behaviors.
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