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ABSTRACT: A family of fluoride-bridged lanthanide com-
pounds, [DyIIIF(oda)(H2O)3] (1, oda = oxidiacetate) and
[LnIII2F2(oda)2(H2O)2] (Ln = Tb(2) and Dy(3)), was
synthesized and characterized. To investigate the effects of
bridging ligands on magnetic behaviors, two hydroxyl-bridged
complexes of formulas [LnIII2(OH)2(oda)2(H2O)4] (Ln =
Tb(4) and Dy(5)) were also synthesized. Magnetic measure-
ments show that the magnetic behaviors of the compounds are
obviously distinct. Compounds 1, 2, and 3 show ferromagnetic
interactions, while only antiferromagnetic interactions are
observed in compounds 4 and 5. Among these compounds, 1 and 3 show frequency-dependent ac-susceptibility indicative of
slow magnetic relaxation. Because the structures of Dy2 cores are very similar in compounds 3 and 5, it may be inferred that the
differences of bridging ligands are mainly responsible for the distinct magnetic exchange interactions and relaxation dynamics.

■ INTRODUCTION
Since the dodecanuclear manganese cluster was obtained as the
first single-molecule magnet (SMM),1 SMMs and SCMs
(single-chain magnets) have been of increasing interest, mainly
because of their potential applications in high-density magnetic
memories, quantum computing, and molecular spintronics.2

Over the last two decades, a great number of transition-metal
molecular magnets have been synthesized and their magnetic
properties have been widely studied.3 In recent years, lantha-
nide coordination compounds have attracted more and more
attention in the field of molecular magnetism due to their
significant magnetic anisotropy from the unquenched orbital angu-
lar momentum.4 However, because of the efficient shielding of the
unpaired electrons in the 4f orbitals, the weak exchange interac-
tions between lanthanide ions have been a big stumbling block to
the development of lanthanide-only molecular magnets. The way
to overcome this obstacle is to select a suitable bridging ligand
which can promote magnetic interactions between the lanthanide
ions through the overlap of bridging ligand orbitals with the 4f
orbitals of the Ln ions.5 In addition, since the relaxation barrier is
mainly attributable to the individual anisotropies of the metal ions
in the lanthanide complexes, the bridging ligands will affect the
magnetic relaxation behaviors through altering the nature or direc-
tions of the easy axes.6 To date, only a few kinds of bridging ligands
have been employed, including phenoxide,7 carboxyl,8 nitronyl
nitroxide radical,9 carbonate,10 pyrazine,11 hydroxyl,12 oxalate,13 and
tetrathiafulvalene.14 Not long ago, Long and colleagues successfully

synthesized N2
3− radical-bridged dilanthanide complexes, which

reveal exceptionally strong magnetic exchange interactions, giving
rise to a new record SMM.15 In order to investigate the effects of
bridging ligands on magnetic behaviors, it is necessary and challeng-
ing to explore new bridging ligands.
Until now, the great majority of the ligands bridge lanthanide

ions through N or O atoms. In comparison with the N or O bridg-
ing ligands, fluoride ions possess smaller ionic radius and larger
electronegativity. In addition, they can bridge between metal ions in
idiographic ways.16 Therefore, F− ions have been used to construct
3d and 3d−4f molecular magnets.17 Surprisingly, fluoride-bridged
lanthanide-based coordination compounds are very limited.
Furthermore, the studies mainly focus on their structures and
optical properties,18 whereas their magnetic behaviors have largely
been underexplored. To the best of our knowledge, the effects of
bridging F− ions on magnetic behaviors have never been discussed
in the lanthanide coordination compounds.
In the present work, we obtained a family of fluoride-bridged

lanthanide compounds, coordination compounds of formulas,
[DyIIIF(oda)(H2O)3] (1, oda = oxidiacetate) and [LnIII2F2-
(oda)2(H2O)2] (Ln = Tb(2) and Dy(3)). To investigate the
effect of F− bridging ligands on the magnetic behaviors, two
hydroxyl-bridged compounds of formulas [LnIII2(OH)2-
(oda)2(H2O)4] (Ln = Tb(4) and Dy(5)) were also synthesized
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as a comparison. Oxydiacetate has been widely employed in
lanthanide coordination compounds.19 Interestingly, the differ-
ences of bridging ligands are mainly responsible for the distinct
magnetic exchange interactions and relaxation dynamics observed.
In compounds 1, 2, and 3, ferromagnetic interactions were clearly
observed, but antiferromagnetic interactions were observed between
lanthanide ions in 4 and 5. Furthermore, compounds 1 and 3
exhibit frequency-dependent on alternating-current magnetic suscep-
tibilities, indicating slow magnetic relaxation, while no frequency-
dependence of out-of-phase signals was observed in the others.

■ EXPERIMENTAL SECTION
Synthesis. All reagents and solvents were commercially available

and were used without further purification.
[DyIIIF(oda)(H2O)3] (1). A mixture of Dy(NO3)3·6H2O (1 mmol,

0.455 g), H2oda (0.6 mmol, 0.153 g) and NaF (1 mmol, 0.042 g) in
H2O (12 mL) was stirred for 30 min, followed by the addition of
NaOH (2 mmol, 0.080 g). The resulting mixture was stirred for
15 min, then heated in a Teflon-lined steel bomb at 60 °C for 3 days.
Colorless block-shaped crystals formed were collected in 57%
yield(based on Dy). IR (KBr, cm−1): 3220(m), 2956(w), 1666(s),
1604 (s), 1428(s), 1317(m), 1122(s), 1056(m), 937(m), 800(w),
719(w), 616(w), 581(w). Elem. Anal. Calcd. (%) for C4H10DyFO8: C,
13.07; H, 2.74. Found: C, 13.31; H, 2.81.
[TbIII

2F2(oda)2(H2O)2] (2). This was prepared in a similar way to 1,
but using Tb(NO3)3·6H2O(1 mmol 0.453 g) instead of Gd-
(NO3)3·6H2O heated at 160 °C in 45% yield. IR (KBr, cm−1):
3401(m), 2938(w), 1589(s), 1431(s), 1310(s), 1128(s), 1055(w),
994(w), 727(m), 556(m). Elem. Anal. Calcd. (%) for C8H12F2O12Tb2:
C, 14.65; H, 1.84. Found: C, 14.71; H, 1.88.
[DyIII2F2(oda)2(H2O)2] (3). This was prepared in a similar way to 2,

using Dy(NO3)3·6H2O(1 mmol 0.455 g) instead of Tb(NO3)3·6H2O in
52% yield. IR (KBr, cm−1): 3409(m), 2940(w), 1590(s), 1433(s),
1306(s), 1122(s), 1051(w), 995(w), 728(m), 561(m). Elem. Anal. Calcd.
(%) for C8H12Dy2F2O12: C, 14.49; H, 1.82. Found: C, 14.52; H, 1.86.
[TbIII

2(OH)2(oda)2(H2O)4] (4). This was prepared in a similar way
to 2, but using Na2CO3 (1 mmol 0.106 g) instead of NaF in 20% yield.
IR (KBr, cm−1): 3633(m), 3483(w), 3257(w), 3063(m), 1578(s),
1428(s), 1323(s), 1245(w), 1129(s), 1054(m), 933(w), 783(w), 453(w).
Elem. Anal. Calcd. (%) for C8H18O16Tb2: C, 13.96; H, 2.63. Found: C,
14.02; H, 2.69.
[DyIII2(OH)2(oda)2(H2O)4] (5). This was prepared in a similar way

to 3, but using Na2CO3 (1 mmol 0.106 g) instead of NaF in 22% yield.
IR (KBr, cm−1): 3639(m), 3488(w), 3253(w), 3064(m), 1587(s),

1432(s), 1317(s), 1245(w), 1126(s), 1056(m), 937(w), 775(w), 456(w).
Elem. Anal. Calcd. (%) for C8H18Dy2O16: C, 13.82; H, 2.61. Found: C,
14.01; H, 2.68.

Physical Measurements. Elemental analyses of carbon and hydro-
gen were carried out on a Perkin-Elmer 240C elemental analyzer. IR
spectra as KBr pellets were recorded with a Magna 750 FT-IR spectro-
photometer using reflectance technique over the range of 4000−400 cm−1.
X-ray powder diffraction (XRPD) patterns were taken on a Rigaku D/max
2550 X-ray Powder Diffractometer. X-ray photoelectron spectroscopy
(XPS) data were collected on an ESCALAB 250 X-ray photoelectron
spectroscopy, using Mg Kα X-ray as the excitation source. All magnetization
were obtained with a Quantum Design MPMS SQUID VSM magneto-
meter. The variable-temperature magnetic susceptibility was measured with
an external magnetic field of 1000 Oe. Samples were restrained in eicosane
to prevent torqueing. Pascal’s constants were used to estimate the
diamagnetic corrections, which were subtracted from the experimental
susceptibilities to give the molar paramagnetic susceptibilities (χM).

X-ray Crystallography. Suitable single crystals for 1−5 were
glued onto a glass fiber. Diffraction intensity data for 1−4 were
collected with a Bruker Smart CCD diffractometer equipped with
graphite-monochromated Mo-Kα radiation (λ = 0.71073 Å) at 293 K.
Single-crystal structure determination of 5 was carried out on a Rigaku
RAXIS-RAPID diffractometer equipped with graphite-monochromated
Mo-Kα radiation (λ = 0.71073 Å) at 293 K. The intensity data sets
were collected with the ω-scan technique and reduced by CrystalClear
software. The structures of the five compounds were solved by direct
methods and refined with the full-matrix leastsquares technique using the
program SHELXTL.20 The location of metal atom was easily determined,
and F, O, N, and C atoms were subsequently determined from the
difference Fourier maps. Anisotropic thermal parameters were assigned
to all non-hydrogen atoms. The disordered atoms were refined with
constrained dimensions. The hydrogen atoms were set in calculated
positions. The crystal data, data collection, and refinement parameters
for complexes 1−5 are listed in Table 1, and selected bond lengths
and angles for complexes 1−5 are listed in Table S2 of the Supporting
Information. CCDC reference numbers for compounds 1−5 are 862413,
881773, 862414, 881775, and 862415, respectively.

■ RESULTS AND DISCUSSION
Crystal Structure. Compound 1. crystallizes in the mono-

clinic space group P21/n and the structure is shown in Figure 1. A
structural study of 1 shows it to be a 1D zigzag chain. The DyIII ion
in the chain is coordinated by one oda2− ligand (O1, O2 and O4),
two F− ions and three water molecules (O6, O7, and O8), leading
to a coordination number of eight and a distorted dodecahedral

Table 1. Crystallographic Data for 1−5

compound 1 2 3 4 5

formula C4H10FO8Dy C8H12F2O12Tb2 C8H12F2O12Dy2 C8H18O16Tb2 C8H18O16Dy2
fw (g mol−1) 367.62 656.02 663.18 688.06 695.22
cryst syst monoclinic monoclinic monoclinic monoclinic triclinic
space grp P21/n C2/m C2/m P21/c P-1
a (Å) 7.282(8) 9.281(6) 9.255(5) 10.865(4) 6.715(9)
b (Å) 7.084(7) 9.671(2) 9.673(1) 6.757(7) 10.713(3)
c (Å) 17.810(7) 9.032(1) 9.019(0) 11.314(3) 11.275(5)
α (deg) 90 90 90 90 84.20(3)
β (deg) 100.45(9) 117.28(5) 117.14(4) 95.76(4) 88.72(3)
γ (deg) 90 90 90 90 89.90(3)
V (Å3) 903.70(6) 720.55(7) 718.53(5) 826.55(4) 806.8(3)
Z 4 2 2 2 2
F(000) 692 608 612 648 652
Dcalcd (g cm−3) 2.702 3.024 3.065 2.765 2.862
T (K) 293 293 293 293 293
R1
a 0.0369 0.0286 0.0195 0.0234 0.0238

wR2
b 0.0896 0.0781 0.0436 0.0654 0.0629

aR1 = Σ||Fo| − |Fc||/Σ|Fo|; bwR2 = {Σ[w(Fo2 − Fc
2)2]/Σ[w(Fo2)]2}1/2; w = 1/[σ2|Fo|

2 + (0.0511P)2 + 19.56P], where P = [|Fo|
2 + 2|Fc|

2]/3.
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geometry. The fluorine ions linearly bridge neighboring dyspro-
sium ions forming an 1D zigzag chain with a Dy−Dy distance of
4.39(7) Å and a Dy−F−Dy angle of 160.26(3)°. Similar linear
fluoride bridges have been observed in fluorine-bridged transition-
metal complexes.17e,21 Intermolecular hydrogen bonding inter-
actions appear between neighboring chains, thus, a 3D supra-
molecular structure is afforded. The shortest intermolecular
Dy−Dy separation distance is 7.28(3) Å.
Compounds 2 and 3. These compounds are isomorphous

and crystallize in the monoclinic space group C2/m. The struc-
ture of 3 will be described as a representative (Figure 2). The

centrosymmetric dinuclear core is composed of two eight-
coordinate DyIII ions bridged by two F− ions, giving rise to a
Dy2F2 core with a Dy−Dy distance of 3.730(4)Å and a Dy−F−Dy
angle of 112.39(3)°. Each DyIII ion of the dinuclear cores is
coordinated by one oda2− ligand (O1, O3 and O1A), two F− ions
and one water molecules (O4). The coordination sphere of the
DyIII ion is completed by two oxygen atoms (O2 and O2A) of two
bridging ado2− ligands forming a perfect two-dimensional rhombic
grid of the dinuclear dysprosium complexes. The shortest intra
network distance between the two Dy2 cores is 6.69(4) Å. The 2D
networks are further connected to form a 3D supramolecular
structure by the hydrogen bondings between O4 from a co-
ordinated water molecule and the oxygen atoms (O1 and O2) from
the oda2− ligand located in the crystal lattice, making the shortest
intermolecular Dy−Dy separation distance of 5.86(3) Å from
different dinuclear units. The presence of F− ions was further
confirmed by XPS (Figure S1 in the Supporting Information).

Compound 4. This compound crystallizes in the triclinic
space group P21/c, and the structure is shown in Figure 3.

The Ln2 cores of complexes 4 and 3 are almost the same. The
differences lie in that the bridging hydroxyls take the place of
bridging F− ions. The Tb2(OH)2 unit is also centrosymmetric
with a Tb−Tb distance of 3.740(9)Å and a Tb−O−Tb angle of
110.90(6)°. The coordination sphere of the TbIII ion is made
of eight oxygen atoms arising from two oda2− ligands (O2, O3,
O4, and O5), two hydroxyls(O1 and O1A) and two water
molecules (O1w and O2w). The Tb2(OH)2 units are connected
to form a 1D chain though oda2− ligands. The shortest intra-
chain distance between the two Tb2(OH)2 cores is 6.75(8) Å.
A 3D supramolecular structure is formed by the hydrogen
bonding interactions between neighboring chains, and the
shortest intermolecular Tb−Tb separation distance is 6.43 (3) Å
from different Tb2(OH)2 units.

Compound 5. This compound crystallizes in the triclinic
space group P-1. The structure consists of two crystallogra-
phically unique, but structurally very similar dinuclear dyspro-
sium units which are almost the same as the Tb2(OH)2 core in
compound 4. The differences lie in that the bridging hydroxyls

Figure 1. Asymmetric structure unit and polymeric structure of compound
1. Organic hydrogen atoms and minor disordered components have been
omitted for clarity.

Figure 2. The Dy2 cores and polymeric structure of compound 3. Organic
hydrogen atoms and minor disordered components have been omitted for
clarity.

Figure 3. The Tb2 cores and polymeric structure of compound 4. Organic
hydrogen atoms and minor disordered components have been omitted for
clarity.
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take the place of bridging F− ions. In one dinuclear dysprosium
unit, the Dy−Dy distance is 3.74(1)Å and the Dy−O−Dy
angle is 110.90(6)°. In the other dinuclear dysprosium units,
the Dy−Dy distance is 3.75(4)Å and the Dy−O−Dy angle is
113.34(9)°. The shortest intermolecular Dy−Dy separation
distance is 6.14 (9) Å from different Dy2(OH)2 units.
However, the structures of Ln2 cores are similar in com-

pounds 2, 3, 4, and 5, although the bridging ions are different.
Ln2O2 cores are obtained in compounds 4 and 5. A number of
lanthanide compounds which consist of similar Ln2O2 cores
have been reported, and their magnetic properties have been
studied in-depth, such as [Dy2(hmi)2(NO3)2(MeOH)2], [Dy2-
(ovph)2(NO3)2(H2O)2], [Tb2(valdien)2(NO3)2], and [Gd2-
(Hsabhea)2(NO3)2].

22,7e,12e There are also a few precedents
for fluoride-bridged lanthanide compounds, in which the struc-
tures of Ln2F2 cores are close to those of compounds 2 and 3,
such as [Yb2F2(OC6H2-2,6-tBu2)4(THF)2], [Sm2F2{(Me3Si)2-
C5H3}2], [Nd2F2{(Me3Si)2C5H3}2], and [Gd2F2{(Me3Si)2-
C5H3}2].

18c,23 But the investigations of their magnetic proper-
ties are very lacking. We tried to substitute for Dy ions in the
reactions of compound 1, but unfortunately our efforts resulted
in failure. All attempts to synthesize the Gd2 compound were
also unsuccessful.
Magnetic Properties. Solid-state, variable-temperature dc

magnetic susceptibility measured for the three compounds have
been carried out in an applied magnetic field of 1000 Oe in the
temperature range 2−300 K. The plots χT vs T are shown in
Figure 4, where χ is the molar magnetic susceptibility.

For compound 1, the room temperature χT value is 14.47
cm3Kmol−1, in good agreement with that expected for an
isolated DyIII ion (6H15/2, S = 5/2, L = 5, J = 15/2, g = 4/3,
χT = 14.17 cm3Kmol−1). Upon decreasing the temperature, the
χT product slightly decreases with the temperature to reach a
minimum of 13.25 cm3Kmol−1 at about 18 K, which is probably
ascribed to antiferromagnetic exchange interactions and the
progressive depopulation of excited Stark sublevels.24 When the
temperature is below 18 K, a clear increase can be observed and
the χT reaches a maximum value of 15.65 cm3K mol−1 at 2 K.

Figure 5. Temperature dependence of the in-phase (a) and out-of-phase (b) ac susceptibility and frequency dependence of in-phase (c) and out-of-
phase (d) ac susceptibilities for compound 1 under zero dc field.

Figure 4. Temperature dependence of the χMT product for com-
pounds 1−5 at 1000 Oe.
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Such an increase indicates the presence of ferromagnetic inter-
actions between the metal centers.25

For compound 2, the χT value of 22.48 cm3K mol−1 at 300 K
corresponds exactly to the expected value of 23.64 cm3Kmol−1

for two uncoupled TbIII ions (7F6, S = 3, L = 3, J = 6, g = 3/2,
χT = 11.82 cm3Kmol−1). The χT product slightly increases
with decreasing temperature to reach a maximum of 23.04
cm3Kmol−1 at about 82 K, and then decreases sharply to a
minimum value of 12.34 cm3Kmol−1 at 2 K, which obviously
suggests the presence of intramolecular ferromagnetic inter-
actions between the metal centers. For compound 4, the χT
value of 23.06 cm3Kmol−1 at 300 K is in close agreement with
the expected value of 23.64 cm3Kmol−1 for two uncoupled TbIII

ions. The χT product begins a slight decrease until 50 K, and
then the rate of decrease becomes gradually larger. Finally, the
χT product further decreases sharply and reaches a minimum of
11.71 cm3Kmol−1 at 2 K. Thermal depopulation of the Stark
sublevels is mainly responsible for the decrease. The weak
antiferromagnetic interactions between the metal centers may
also make some contribution.
For compound 3, the χT value of 28.21 cm3K mol−1 at 300 K

corresponds exactly to the expected value of 28.34 cm3Kmol−1

for two uncoupled DyIII ions (6H15/2, S = 5/2, L = 5, J = 15/2,
g = 4/3, χT = 14.17 cm3Kmol−1). The χT product slightly
increases with decreasing temperature until 50 K, and then
increases sharply to a maximum value of 36.64 cm3K mol−1 at
2 K, which obviously suggests the presence of intramolecular
ferromagnetic interactions between the metal centers. For
compound 5, the χT value of 28.24 cm3Kmol−1 at 300 K is in
close agreement with the expected value of 28.34 cm3Kmol−1

for two uncoupled DyIII ions. The χT product begins a slight
decrease until 100 K, and then the rate of decrease becomes
gradually larger. Finally, the χT product further decreases sharply
and reaches a minimum of 20.55 cm3Kmol−1 at 2 K. Thermal
depopulation of the Stark sublevels is mainly responsible for the
decrease. The weak antiferromagnetic interactions between the
metal centers may also make some contribution.
Fitting the experimental data ranging from 50−300 K to

Curie−Weiss law gives the Curie constants (C) of 14.62, 22.24,
27.93 cm3Kmol−1, 22.56 and 28.40 cm3Kmol−1, and Weiss
constant (θ) of −2.71, 3.42, 3.15, −3.43, and −2.17 K for 1−5,

Figure 6. (a) Relaxation time, ln(τ), versus T‑1 plot for 1 under zero dc
field. The solid line is fitted with Arrhenius law. (b) Cole−Cole plots
measured in zero dc field for compound 1. The solid lines are the best
fits to the experiment data.

Figure 7. Temperature dependence of the out-of-phase (a) and in-phase (b) ac susceptibility and frequency dependence of out-of-phase (c) and
in-phase (d) ac susceptibilities for compound 3 under zero dc field.
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respectively. The small negative θ indicates weak antiferro-
magnetic interactions between spin carriers in compounds
1, 4, and 5, and the small positive θ indicates weak
ferromagnetic interactions between spin carriers in com-
pounds 2 and 3. The temperature dependence of the mag-
netic susceptibilities for all of the compounds shows that the
magnetic behaviors may result from the match between the
thermal depopulation of the Stark sublevels and magnetic
interactions.12e

Field-dependence measurements of the magnetization up to
5T were performed at 2 K for compounds 1−5, as shown in
Figure S2 of the Supporting Information. The values of the
magnetization at 5T are 5.05, 10.50, 11.48, 10.69, and 11.69 μB,
respectively. All of them are far lower than the expected
saturation value of 10 μB for each DyIII ion and 9 μB for each
TbIII ion. The primary reason may be spin orbit coupling, and
crystal-field effect may also make some contributions.26 The
lack of saturation on theM vs H data confirms the presence of a
significant magnetic anisotropy and/or low lying excited states.
For compound 3, a narrow hysteresis loop was observed at
2.0 K. The existence of a quantum tunneling regime may explain
that fact that hysteresis is not observed at higher temperature.
For the same reason, theM vs H for 1 do not show hysteresis at
2.0 K (Figure S3 of the Supporting Information).
The dynamics of the magnetization were investigated using

alternating-current (ac) susceptibility measurements in the zero
dc field and a 3.0 G ac field. As shown in Figure 5, frequency-
dependent on alternating-current magnetic susceptibilities are
observed in complex 1. This indicates the presence of slow
magnetic relaxation at low temperature, and thus probable SCM

behavior. The relaxation time was extracted from the frequency-
dependent data between 2.0 and 3.7 K, and the Arrhenius plot
obtained from these data is given in Figure 6a. The relaxa-
tion follows a thermally activated mechanism with an energy
gap of 2.5 K and a pre exponential factor of τ0 = 9.98 × 10−5s.
Cole−Cole diagrams of 1 were obtained by using the Debye
functions (Figure 6b), and the curves illustrate probably the
presence of a single relaxation process, as they can be fitted to
the generalized Debye model α < 0.21.27 As shown in Figure 7,
both in-phase (χ′) and out-of-phase (χ″) susceptibilities of
compound 3 exhibit the frequency dependence maximum, which
reveals a slow relaxation of the magnetization, and thus probable
SMM behavior. The relaxation time was extracted from the
frequency-dependent data between 2.0 and 6.0 K. The best fit of
the experimental data to the Arrhenius equation gives an energy
gap of 4.9 K and a preexponential factor of τ0 = 2.28 × 10−4s
(Figure 8a). The data plotted as Cole−Cole plots can be fitted
to the generalized Debye model with α parameters below
0.18 (Figure 8b), indicating the presence of a single relaxation
process. On the contrary, no out-of-phase signals were observed
in compounds 2, 4, and 5.
Interestingly, the structures of Dy2 cores are very similar in

complexes 3 and 5 (Figure 2 and Figure 3), but they exhibit
distinct magnetic behaviors. Although it has been proven that
the coordination number and coordination geometry have very
important effect on the magnetic behaviors of lanthanide
complexes,28,12e,14 they may not play a key role this time. All of
the DyIII ions are eight coordinated in the two complexes, and
the geometries of coordination sphere around the dysprosium
ions are also similar. In compound 3 (Figure 9), the Dy−F
bond distribute between 2.245(2) and 2.428(4), and the
Dy−F−Dy angle is 112.39(3)°. In compound 5, the Dy−O
bond distribute between 2.267(2) and 2.541(4) for Dy1 and
between 2.241(4) and 2.473(4) for Dy2, and the Dy−O−Dy
angles are 110.90(6)° and 113.34(9)°. All of them are insignifi-
cantly different. Thus, it may be inferred that the different
magnetic behaviors are mainly caused by the presence of
bridging F− ions in compound 3. The bridging F− ions may
modify both the overlap of the magnetic orbitals of the DyIII

ions and the easy axes of the DyIII ions, as the result of the
smaller ionic radius and the larger electronegativity. The
different crystal field effects, which are caused by F donors
and O donors, may also make important contributions to the
distinct magnetic behaviors. Therefore, both the magnetic
interactions and the dynamic magnetic behaviors are evidently
different between compounds 3 and 5.

Figure 8. (a) Relaxation time, ln(τ), versus T‑1 plot for 3 under zero dc
field. The solid line is fitted with Arrhenius law. (b) Cole−Cole plots
measured in zero dc field for compound 3. The solid lines are the best
fits to the experiment data. The solid line is fitted with Arrhenius law.

Figure 9. Hysteresis loops for compound 3.
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■ CONCLUSIONS
In summary, three fluoride-bridged lanthanide compounds 1, 2,
and 3 have been obtained. The magnetic measurements show that
the complexes 1, 2, and 3 exhibit intramolecular ferromagnetic
interactions, while only antiferromagnetic interactions are observed
in hydroxyl-bridged compounds 4 and 5. Among these compounds,
1 and 3 show frequency-dependent ac-susceptibility indicative of
slow magnetic relaxation. Because the structures of Dy2 cores are
very similar in compounds 3 and 5, these significant disparities are
most likely due to the differences of bridging ligands for the respec-
tive dinuclear cores. The bridging F− ions not only promote
magnetic exchange interactions, but also induce slow magnetic relax-
ation. The successful synthesis of the three fluoride-bridged coordin-
ation compounds may open up new opportunities for the construc-
tion of SMMs based on fluoride ligand.
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2237−2238.
(19) (a) Baggio, R.; Garland, T. M.; Perec, M. Inorg. Chem. 1997, 36,
950−950. (b) Aramendia, P. F.; Baggio, R.; Garland, M. T.; Perec, M.
Inorg. Chim. Acta 2000, 303, 306−310. (c) Kang, J. G.; Kim, T. J.;
Kang, H. J.; Kang, S. K. J. Photochem. Photobiol. A 2006, 174, 28−37.
(d) Baggio, R.; Garland, T. M.; Perec, M.; Vega, D. Inorg. Chem. 1996,
35, 2396−2399. (e) Kang, J. G.; Kim, T. J.; Kang, H. J.; Park, Y.; Nah,
M. K. J. Lumin. 2008, 128, 1867−1872.
(20) Sheldrick, G. M. SADABS, the Siemens Area Detector Absorption
Correction; University of Göttingen: Göttingen, Germany, 2005.
(21) Fairhurst, S. A.; Hughes, D. L.; Leigh, G. J.; Sanders, J.; Weisner,
J. J. Chem. Soc. Dalton. Trans. 1994, 2591−2598.
(22) (a) Habib, F; Lin, P.; Long, J.; Korobkov, I.; Wernsdorfer, W.;
Murugesu, M. J. Am. Chem. Soc. 2011, 133, 8830−8833. (b) Pointillart,
F.; Gal, Y. L.; Golhen, S.; Cador, O.; Ouahab, L. Chem.Eur. J. 2011,
17, 10397−10404. (c) Zou, L.; Zhao, L.; Chen, P.; Guo, Y.; Guo, Y.;
Li, Y.; Tang, J. Dalton. Trans. 2012, 41, 2966−2971. (d) Plass, W.;
Fries, G. Z. Anorg. Allg. Chem. 1997, 623, 1205−1207.
(23) (a) Xie, Z.; Liu, Z.; Xue, F.; Mak, T. C. W. J. Organomet. Chem.
1997, 539, 127−130. (b) Xie, Z.; Chui, K.; Yang, Q.; Mak, T. C. W.;
Sun, J. Organometallics 1998, 17, 3937−3944. (c) Evans, W. J.;
Giarikos, G. D.; Johnston, M. A.; Greci, M. A.; Ziller, J. W. J. Chem.
Soc, Dalton. Trans. 2002, 520−526.
(24) Kahn, M. L.; Ballou, R.; Porcher, P.; Kahndagger, O.; Sutter,
J. P. Chem.Eur. J. 2002, 8, 525−531.
(25) Lin, P. H.; Burchell, T. J.; Cleŕac, R.; Murugesu, M. Angew.
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