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Structural and magnetic tuning from a
field-induced single-ion magnet to a single-chain
magnet by anions†

Dong Shao, Xin-Hua Zhao, Shao-Liang Zhang, Dong-Qing Wu, Xiao-Qin Wei and
Xin-Yi Wang*

We herein report the syntheses, crystal structures, and magnetic properties of two complexes based on

the anisotropic pentagonal bipyramidal FeII starting material [Fe(LN3O2
)]2+, namely [Fe(LN3O2

)(H2O)2]-

[MQ]2·H2O (1) and [Fe(LN3O2
)(CN)][ABSA]·3H2O (2) (LN3O2

= 2,13-dimethyl-6,9-dioxa-3,12,18-triazabicyclo

[12.3.1]octadeca-1(18),2,12,14,16-pentaene; MQ− = methyl orange anion; ABSA− = 4-aminoazobenzene-

4’-sulfonic anion). Compound 1 is a mononuclear material where the [Fe(LN3O2
)(H2O)2]

2+ cations form a

one-dimensional (1D) chain by the hydrogen bonds between the bulky MQ− anions and the coordinated

water molecules. With a slightly different anion, ABSA−, a cyano-bridged FeII chain is formed for com-

pound 2. This chain has a similar structure as that in our recently reported compound [Fe(LN5
)(CN)][BF4]

(Chem. Commun., 2015, 51, 4360). However, compared with the reported result where the chains interact

with each other through the π⋯π interactions, the chains in 2 are well isolated by the bulky ABSA− anions

with the shortest interchain Fe⋯Fe distances around 12.0 Å. Magnetic investigation on 1 reveals the easy-

axis magnetic anisotropy of the mononuclear FeII centre (zero-field splitting parameter D = −3.7 cm−1),

which leads to the field-induced slow magnetic relaxation. For compound 2, the Fe2+ spins are antiferro-

magnetically coupled through the cyano bridges with a coupling constant of J = −4.13(2) cm−1 with the

Hamiltonian H = −J∑Si·Si+1. AC magnetic measurements revealed the pure single-chain magnetic (SCM)

behaviour of these isolated chains with an effective energy barrier of 26.1(5) K. This system represents a

good example showing that the structures and magnetic properties, such as field-induced single-ion

magnets, SCMs, and SCM-based magnets, can be selectively prepared by anion modification.

Introduction

Molecular nanomagnets with a slow magnetic relaxation below
their blocking temperatures, such as the single-molecule
magnets (SMMs), single-ion magnets (SIMs) and single-chain
magnets (SCMs), are of great interest in the field of molecular
magnetism.1 Among them, SCMs have received great attention
ever since their first observation in a CoII-nitroxide radical
chain in 2001.2,3 Theoretically, because of the additional
energy component known as the correlation energy (Δξ) stem-
ming from the exchange coupling ( J) between the spin centres

along the chain, SCMs might display higher relaxation barriers
than their counterpart single-molecule magnets (SMMs).4–10

For the construction of SCMs, the magnetic anisotropy of
the spin unit, the intrachain exchange interaction and the
interchain interaction are the three most important factors.
However, compared with the former two ingredients for which
the stronger the better, the interchain interactions require
more careful consideration. Initially, it was believed that negli-
gible interchain coupling is necessary to prevent the three-
dimensional magnetic ordering and to achieve the SCM behav-
iour. Later, it was found that the SCM behaviour can be
retained in the antiferromagnetic (AF)4a or ferromagnetic (F)4b,
c ordered phases. By taking advantage of the magnetic order-
ing, new types of high temperature SCM-based magnets can be
achieved.5 Following the experimental and theoretical work of
Coulon and Clérac et al.,4a,5 a number of SCM-based antiferro-
magnets have been reported.6–8 These SCM-based antiferro-
magnets suggest a possible strategy for high temperature SCM-
based magnets.

Synthetically, the magnetic anisotropy and intrachain mag-
netic coupling can be manipulated by using anisotropic spin
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carriers4–10 and bridging ligands as efficient magnetic couplers
such as the cyanide,6,7a,c,h radicals2a,4b,10 or other short
bridges.7b–h,8 On the other hand, the design and control of the
interchain interaction seems rather difficult. Several para-
meters can be manipulated to finely tune the interchain dis-
tances (and thus the interchain magnetic coupling), such as
using counter ions or chelating ligands of a different
size,3d,9a,10b,g different bismonodentate bridging ligands of
different lengths,9b–d the interchain hydrogen bonds9e and the
interchain π–π interactions.6,7b For now, it still remains a syn-
thetic challenge for chemists to tune the interchain distances
and also the magnetic properties at will for a specific chain
compound. As an illustrative example, Clérac et al. reported
the compound [Mn(3,5-Cl2saltmen)Ni(pao)2(phen)][PF6] in
2010,5 where the anion can be replaced from PF6

− to the bulky
BPh4

−, leading to the modification of the magnetic properties
from the SCM-based antiferromagnet to the pure SCM.

Very recently, using an anisotropic pentagonal bipyramidal
FeII starting material, we prepared a cyano-bridged homospin
compound [Fe(LN5

)(CN)][BF4], which exhibited the rare coexis-
tence of spin-canting, AF ordering, metamagnetism and SCM
behaviour.6 Its strong magnetic anisotropy arises from the
pentagonal bipyramidal FeII center, as has been shown by
Sutter, Mallah and Gao et al. in the field-induced SIMs,11 and
cyano-bridged SMM12a and SCM compounds.12b Because of
the small size of the BF4

− anion, the chains in [Fe(LN5
)(CN)]-

[BF4] are not well isolated and interact with each other by π–π
interactions. These weak interactions are believed to be
responsible for the weak interchain magnetic coupling and the
long-range magnetic ordering. Since this compound is syn-
thesized in the presence of excessive BF4

− anions, this system
provides a good opportunity to tune the interchain distances
with anions of different sizes. Along this line, we performed
the reaction using a similar starting material [Fe(LN3O2

)(CN)2]
with the bulky anions MQ− and ABSA− (LN3O2

= 2,13-dimethyl-
6,9-dioxa-3,12,18-triazabicyclo[12.3.1]octadeca-1
(18),2,12,14,16-pentaene; MQ− = methyl orange anion; ABSA−

= 4-aminoazobenzene-4′-sulfonic anion, Fig. 1). Interestingly, a
mononuclear FeII compound [Fe(LN3O2

)(H2O)2][MQ]2·H2O (1)
and a cyano-bridged 1D chain compound [Fe(LN3O2

)(CN)]-
[ABSA]·3H2O (2) were obtained. The chains in 2 are well iso-
lated by the large ABSA− anions. Magnetic studies revealed
that 1 exhibits a field-induced slow magnetic relaxation
and that 2 is a pure SCM with an effective energy barrier of
26.1(5) K.

Experimental section
Physical measurements

The infrared spectral data were measured with KBr pellets
using a Nexus 870 FT-IR spectrometer in the 4000–400 cm−1

range. Elemental analyses of C, H, and N were performed on
an Elementar Vario MICRO analyzer. The powder X-ray diffrac-
tion data (PXRD) were recorded at 298 K on a Bruker D8
Advance diffractometer with a Cu Kα X-ray source operated at
40 kV and 40 mA. Thermal gravimetric analysis (TGA) was per-
formed using a STA 449 F3 Jupiter analyzer in the temperature
range of 40–800 °C. Magnetic measurements from 2 to 300 K
with a DC field of up to 70 kOe were performed using a
Quantum Design SQUID VSM magnetometer on the grounded
powders from the single crystals of the compounds. Alternat-
ing current (AC) magnetic susceptibility data were collected in
a zero DC field or a 2000 Oe DC field in the temperature range
of 2.0–10 K, under an AC field of 2 Oe, oscillating at frequen-
cies in the range of 1–950 Hz. All magnetic data were corrected
for the diamagnetism of the sample holder and of the dia-
magnetic contribution of the sample (−0.5 × 10−6 × molecular
weight).

Materials and synthesis

All reagents were obtained from commercially available
sources and were used as received unless otherwise noted. Sol-
vents were distilled before use under a N2 atmosphere. The
synthesis and crystal growth procedures were performed under
a N2 atmosphere using Schlenk techniques or in a N2 atmo-
sphere glovebox. [Fe(LN3O2

)(CN)2] was synthesized according to
the literature method.13

Caution!
Cyanides are highly toxic and they should be handled in

small quantities with care.
[Fe(LN3O2

)(H2O)2][MQ]2·H2O (1). A solution of methyl orange
(NaMQ, 40 mg, 0.12 mmol) in 1 mL of water was added to a
solution of [Fe(LN3O2

)(CN)2] (25 mg, 0.05 mmol) in 6 mL of
methanol under a nitrogen atmosphere. The dark violet solu-
tion was filtrated into a vial and was then kept in a dark place
for one week. Dark blue rhombus single crystals formed after
slow evaporation. The crystals were filtered and washed with
methanol. Yield: ∼27 mg, 54% based on [Fe(LN3O2

)(CN)2]. The
crystals are quite stable in the air. Elemental analysis (%) for
C43H55FeN9O11S2: C, 51.96; H, 5.58; N, 12.68. Found: C, 51.89,
H, 5.60; N, 12.58. IR (KBr, cm−1): 3362(vs), 2921(s), 2887(s),
1606(vs), 1520(s), 1421(s), 1370(vs), 1221(s), 1115(vs), 1031(vs),
1005(s), 847(s), 818(s), 693(s), 619(s).

[Fe(LN3O2
)(CN)][ABSA]·3H2O (2). By replacing the methyl

orange with 4-aminoazobenzene-4′-sulfonic acid sodium salt
(NaABSA), compound 2 was also obtained as black block crys-
tals according to the same synthetic procedure as compound
1. Yield: ∼18 mg, 52% based on [Fe(LN3O2

)(CN)2]. The crystals
are also quite stable in the air. Elemental analysis (%) for
C28H37FeN7O8S: C, 48.91; H, 5.42; N, 14.26. Found: C, 48.99,
H, 5.35; N, 14.28. IR (KBr, cm−1): 3337(vs), 2925(vs), 2881(s),

Fig. 1 View of the structures of the [Fe(LN3O2
)(CN)2] starting material (a)

and the bulky anions MQ− and ABSA− (b).
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2123(s), 1635(vs), 1596(vs), 1504(s), 1420(s), 1219(vs), 1194(vs),
1116(vs), 1030(vs), 711(s), 627(s).

X-ray crystallography

Single crystal X-ray crystallographic data were collected on a
Bruker APEX II diffractometer with a CCD area detector (Mo-
Kα radiation, λ = 0.71073 Å) at room temperature. The APEXII
program was used to determine the unit cell parameters and
for data collection. The data were integrated and corrected for
Lorentz and polarization effects using SAINT.14 The absorption
corrections were applied with SADABS.15 The structures were
solved by direct methods and were refined by the full-matrix
least-squares method on F2 using the SHELXTL crystallo-
graphic software package.16 All the non-hydrogen atoms were
refined anisotropically. The hydrogen atoms of the organic
ligands were refined as riding on the corresponding non-
hydrogen atoms. Additional details of the data collections and
structural refinement parameters are provided in Table 1.
Selected bond lengths and angles of 1 and 2 are listed in
Table S1 (ESI†).

Results and discussion
Synthesis

As reported for the synthesis of compound [Fe(LN5
)(CN)][BF4],

compounds 1 and 2 were prepared by the recrystallization of
the [Fe(LN3O2

)(CN)2] starting material in the presence of the
bulky anions. The stability of the [Fe(LN3O2

)(CN)2] compound
in solution seems even lower than that of [Fe(LN5

)(CN)2]. Both
of the CN groups were replaced by the water molecules to form
the isolated mononuclear compound 1; and one of the CN

groups was disassociated to from the 1D compound 2 as
observed in [Fe(LN5

)(CN)][BF4].
6 Although the difference

between the MQ− and the ABSA− anions is very minor (Fig. 1),
attempts to isolate the 1D structure using the MQ− anion
failed. The purity of 1 and 2 was confirmed by the powder XRD
spectra and the elemental analysis (Fig. S1 and S2, ESI†).
Thermal gravimetric analysis (TGA) on 2 shows an 8.3% weight
loss in the temperature range of 40–110 °C, corresponding to
the removal of three crystallized water molecules (calc. 7.9%,
Fig. S3, ESI†).

Crystal structure descriptions

Single-crystal X-ray diffraction analyses for 1 and 2 reveal that
1 crystallized in the triclinic space group P1̄ and 2 in the
monoclinic space group P21/c (Table 1). The asymmetric unit
of 1 contains a mononuclear FeII cation chelated by one LN3O2

ligand, two water molecules axially coordinated to the Fe2+,
two MQ− anions for the charge balance, and one lattice water
molecule (Fig. 2a, Table S1, ESI†). Of the two MQ− anions, one
of them contains the disordered NvN group. Each FeII centre
resides in a N3O4 pentagonal bipyramid environment with a
continuous shape measure (CShM)17 calculated to be 0.208
relative to the ideal D5h geometry. The Oaxial–Fe–Oaxial angle of
174.7(8)° is close to linearity and the axial bonds (Fe–O3 =
2.142(3) Å and Fe–O4 = 2.125(3) Å) are slightly shorter than the
average bonds of 2.212(6) Å in the equatorial plane. Hydrogen
bonds were found between the coordinated water molecules
and the oxygen atoms from the SO3 groups of the MQ− anion
(O3⋯O6 = 2.740, O3⋯O9 = 2.740 Å, O4⋯O7 = 2.733, O4⋯O11
= 2.684). Bridged by these effective hydrogen bond inter-
actions, a 1D supramolecular chain structure is formed along
the a axis (Fig. 2b). These chains are further connected by the
hydrogen bonds between the SO3 groups and the lattice water
molecules (O5⋯O8 = 2.812, O5⋯O10 = 3.049 Å), forming a 2D
layer along the ab plane, which is further separated by the
bulky MQ− anions along the c direction (Fig. S4, ESI†). The
shortest Fe⋯Fe distance in 1 is 7.85 Å.

The structure of 2 is very similar to that of the reported
[Fe(LN5

)(CN)][BF4] compound, with the 1D cyano-bridged FeII

Fig. 2 View of the asymmetric unit (a) and the hydrogen bonded 1D
chain (b) of 1. Hydrogen atoms were omitted for clarity.

Table 1 Crystallographic data and structure refinement parameters for
complexes 1 and 2

1 2

Formula C43H55FeN9O11S2 C28H37FeN7O8S
Formula weight [g mol−1] 993.93 687.56
Crystal size [mm3] 0.56 × 0.15 × 0.08 0.63 × 0.22 × 0.15
Crystal system Triclinic Monoclinic
Space group P1̄ P21/c
a [Å] 8.5081(2) 12.7854(1)
b [Å] 11.345(2) 10.5316(9)
c [Å] 24.713(5) 24.534(2)
α [°] 76.947(3) 90
β [°] 87.749(3) 97.8160(1)
γ [°] 85.552(3) 90
V [Å3] 2316.3(8) 3272.8(5)
Z 2 4
T [K] 293(2) 293(2)
ρcalcd [g cm−3] 1.425 1.395
μ(Mo-Kα) [mm−1] 0.485 0.582
F (000) 1044 1440
Rint 0.0209 0.0532
R1

a/wR2
b (I > 2σ(I)) 0.0688/0.1836 0.0488/0.1272

R1/wR2 (all data) 0.0846/0.1959 0.0565/0.1381
GOF on F2 1.010 1.062

a R1 = ∑||Fo| − |Fc||/∑|Fo|.
bwR2 = {∑[w(Fo

2 − Fc
2)2]/∑[w(Fo

2)2]}1/2.

Inorganic Chemistry Frontiers Research Article
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chains separated by the bulky ABSA− anions (Fig. 3c and S5,
ESI†). The FeII centre is also in a pentagonal bipyramid geo-
metry with a N4O2C1 coordination environment and the CShM
parameter is 0.295 to an ideal D5h symmetry (Fig. 3a). Bridged
by the cyano groups, regular chains along the b axis are
formed with a shortest Fe–Fe distance of 5.30 Å (Fig. 3b). As in
[Fe(LN5

)(CN)][BF4], the pseudo 5-fold axis of the FeII centre
(Ccyano–Fe–Ncyano axis) is tilted away from the b axis with an
angle of ∼6° (Fig. 3b). The ABSA− counter anions lie in
between the chains and form abundant hydrogen bonds
among themselves (NH2–SO3) and between the lattice water
molecules (Fig. S6, ESI†). Interestingly, these bulky organic
anions efficiently separate the 1D chains away from each other
and prevent any supramolecular interactions between the
chains, such as the π–π interactions found in [Fe(LN5

)(CN)]-
[BF4]. As a result, the shortest interchain Fe⋯Fe distance
increases to 12.0 Å along the a direction and to 12.8 Å along
the c direction (Fig. 3c), compared to the 9.73 Å in [Fe(LN5

)-
(CN)][BF4]. The increased isolation of the 1D chains efficiently
decreases the interchain magnetic interaction and leads to the
pure SCM behaviour in 2, as can be seen from the magnetic
measurements below.

Magnetic properties

The temperature dependent magnetic susceptibility data of
1 and 2 in the temperature range of 2–300 K were measured
under a DC field of 1 kOe. The χMT value at 300 K for 1 was
3.70 cm3 mol−1 K (Fig. 4a), which is larger than the spin-only

value of 3.00 cm3 mol−1 K for a high-spin FeII ion (S = 2, g = 2),
indicating the magnetic anisotropy of FeII in a near D5h ligand
field.11,12 Upon cooling, the χMT values decreased monoto-
nously down to a minimum of 2.50 cm3 mol−1 K at 2 K. The
field-dependent magnetization measured at 2 K shows typical
paramagnetic behaviour with the largest M value of 3.4μB at
70 kOe (Fig. 4a, insert), which is less than the saturation value
of 4μB for a spin-only FeII with S = 2. The χMT (T ) and M(H)
curves of 1 can be simultaneously fitted with the following
Hamiltonian by the software PHI:18

H ¼ D½Sz
2 � SðSþ 1Þ=3� þ EðSx

2 � Sy
2Þ þ μBg � S � B

The best fit gives D = −3.7 cm−1, E = 0.02 cm−1, gX = gY =
2.32 and gZ = 1.92. Also, the magnetic anisotropy of the FeII

ion in the pentagonal bipyramid geometry was further con-
firmed by the reduced magnetization of 1 as measured at low
temperatures. As can be seen in Fig. 4b, these magnetization
plots exhibit significant separation between the isofield curves
and can be well fitted using Anisofit 2.0,19 giving D =
−3.7 cm−1, E = 0.02 cm−1, and g = 2.21. These values agree very

Fig. 3 View of the asymmetric unit (a), the chain structure along the
b axis (b), and the packing diagram (c) of 2.

Fig. 4 (a) Temperature dependent magnetic susceptibility for 1
measured at 1 kOe. Inset: the field dependent magnetization curve at
2 K for 1. The red lines represent the best fits by PHI; (b) the reduced
magnetization data for 1 were collected under various applied DC fields.
The lines represent the best fit by Anisoft 2.0.

Research Article Inorganic Chemistry Frontiers
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well with the parameters obtained above. Although the D value
obtained for 1 is significantly smaller than that of the reported
compounds of the similar pentagonal bipyramid geometry
(around −10 to −16 cm−1) by Sutter et al.,11a,12 the negative
D value indicates the easy-axis magnetic anisotropy and
suggests the possibility of observing the slow magnetic relax-
ation behaviour. Indeed, FeII compounds with pentagonal
bipyramid geometry can exhibit very strong magnetic an-
isotropy with a large negative D value, as supported by theore-
tical and high-field EPR studies.11,20 A recent result illustrates
that not only the oxo-ligands from the axial coordination sites,
but also the supramolecular organization has a strong impact
on the magnetic properties, including the anisotropy para-
meter D.11

Temperature dependent AC susceptibility measurements of
1 have been carried out under a zero or 2 kOe DC field.
Although no out-of-phase signals were detected under the zero
DC field, frequency dependent χ″ signals were observed under
the 2 kOe DC field, indicating the field-induced slow magnetic
relaxation behaviour of 1 (Fig. S7, ESI†). However, no peaks
were observed down to 2 K, in accordance with the small
energy barrier of 1 due to the small D value.

As compound 2 has a very similar 1D chain structure to
[Fe(LN5

)(CN)][BF4], its magnetic properties are also very similar.
First of all, the plot of χMT versus T is indicative of spin canting
in an antiferromagnetic array (Fig. 5a).6,9e,21 Upon cooling, the
χMT value decreased gradually from the room temperature
value of 3.47 cm3 mol−1 K to a minimum of 1.41 cm3 mol−1 K
at 14 K. Below 14 K, the χMT value increased sharply to a
maximum of 2.49 cm3 mol−1 K at 4 K, and then decreased
down to 2 K. A Curie–Weiss fit of the data above 50 K gave a
Curie constant of 3.92 cm3 mol−1 K and a negative Weiss con-
stant of −39.6 K (Fig. S8, ESI†). The large and negative Weiss
constant indicates that the dominant antiferromagnetic inter-
action is between the FeII centres, although it might also partly
come from the spin–orbit coupling. The intrachain AF inter-
action was also estimated to be J = −4.13(2) cm−1 (g = 2.13(3))
by fitting the susceptibility data above 30 K using the same
Fisher model (H = −J∑Si·Si+1) as we have previously employed
for the compound [Fe(LN5

)(CN)][BF4].
6 The intrachain magnetic

interaction is almost the same as that for the [Fe(LN5
)(CN)]

[BF4], consistent with their similar 1D structures. Thus, the
different magnetic behaviour at low temperature (vide post )
can be mainly ascribed to the different interchain magnetic
interactions.

The field dependent magnetization of 2 was measured at
2 K. As displayed in Fig. 5b, the magnetization increases
quickly to 0.66 μB at 20 kOe and then increases linearly up to
1.15 μB at 70 kOe, which is far from the saturation value of
4 μB for a high spin FeII with S = 2. This magnetization curve is
similar to that of [Fe(LN5

)(CN)][BF4] and suggests spin canting
of the FeII spins, although the strong magnetic anisotropy
might also play a role. The canting angle was estimated as 7.5°
from the magnetization value of 0.47 μB, obtained by extra-
polating the M(H) curve in the high field region down to zero.
Importantly, at the low field region of the M(H) curve, there is

no S-shaped transition, ruling out the metamagnetic transition
found for [Fe(LN5

)(CN)][BF4].
6 This is probably a result of the

weaker interchain magnetic coupling in 2.
Because of the similar 1D structure and the weaker inter-

chain magnetic coupling, 2 should behave as a pure SCM, as
confirmed by the AC susceptibility measurements performed
under a zero DC field. As depicted in Fig. 6a, both the in-phase
and the out-of-phase temperature dependent AC signals were
found to be strongly frequency dependent below 4 K, reflecting
the slow magnetic relaxation. The Mydosh parameter ϕ = (ΔTP/
TP)/(Δ log f ), where TP is the temperature of the peaks in χ′ and
f is the frequency, was found to be 0.3, which falls in the range
(0.1 < ϕ < 0.3) expected for a superparamagnetic system.22

Most importantly, the frequency-independent peak at 5.4 K
observed in [Fe(LN5

)(CN)][BF4] disappeared in the AC data of 2,
even under a zero DC field. Furthermore, the variable-
frequency AC susceptibility data collected from 1.8–2.4 K are
also highly temperature dependent (Fig. 6b). The resulting
Cole–Cole plots below 2.1 K can be fitted using a generalized
Debye model23 (Fig. 7a) with the parameter α in the range of

Fig. 5 (a) Temperature dependent magnetic susceptibility of 2
measured at 1 kOe. Inset: ln(χMT ) vs. 1/T plot; (b) field dependent mag-
netization curve for 2.
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0.38–0.44 (Table S2†), which suggests a moderate distribution
of the relaxation time of 2.24 Fitting the relaxation time data to
the Arrhenius equation τ = τ0 exp(Δτ/T ) gives the effective
energy barrier Δτ = 26.1(5) K with the pre-exponential factor τ0
= 8.3(6) × 10−10 s (Fig. 7b).

For an anisotropic Heisenberg or Ising-like 1D system, it is
well known that the χMT value is proportional to the corre-
lation length (ξ) and that it increases exponentially with
decreasing temperature, following the equation χMT = Ceff exp
(Δξ/T ). The Ceff is the effective Curie constant and Δξ gives an
estimation of the intrachain exchange energy needed to create
a domain wall within the chain. The resulting ln(χMT ) versus
1/T plot of 2 features a linear region in the temperature range
of 6–12 K, yielding Ceff = 0.85 cm3 mol−1 K and Δξ = 6.06 K
(Fig. 5a). As the relaxation time of 2, which was used to esti-
mate the effective energy barrier Δτ, was determined at a very
low temperature (below 3 K), the slow relaxation is considered
to be within the “finite-size chain” regime and the energy
barrier should be given as Δτ = Δξ + ΔA. According to this
relationship, the magnetic anisotropy energy ΔA for the indi-
vidual Fe2+ centres can be estimated as 20.0 K, which is almost
equal to the value (20.1 K) for compound [Fe(LN5

)(CN)][BF4].
On the other hand, the correlation energy (Δξ) in 2 is about
one third of the value for [Fe(LN5

)(CN)][BF4], and the blocking
temperature of 2 is significantly lower than that of [Fe(LN5

)-
(CN)][BF4] (for example, the peak temperature of the χ″ at
950 Hz is around 2.2 K for 2, compared with 3.4 K for [Fe(LN5

)-
(CN)][BF4]). These observations indicate that the AF ordering is
a potential advantage for the properties of SCM-based
magnets.

Conclusions

In conclusion, the reaction of a pentagonal bipyramidal FeII

starting material of D5h symmetry with excessive bulky anions
results in two new magnetic materials of significant magnetic
anisotropy and slow magnetic relaxation. Because of the termi-
nal coordinated water molecules, compound 1 contains a
mononuclear FeII centre, which is further connected by the
hydrogen bonds to form an extended structure. Easy-axis mag-
netic anisotropy with a negative D value of about −3.7 cm−1

was obtained from the analysis of the DC magnetic data,
which leads to the field-induced slow magnetic relaxation at
low temperatures. Interestingly, a very minor change in the
anion results in the 1D cyano-bridged chain structure of com-
pound 2. These 1D chains in 2 are well isolated by the bulky
anions preventing any efficient interchain magnetic inter-
actions. Because of the easy-axis magnetic anisotropy, the AF
magnetic coupling and spin canting, and the negligible mag-
netic interactions, pure SCM behaviour with an effective
energy barrier of 26.1(5) K is established in 2. Both of these
compounds and the formerly reported system with a smaller
anion clearly demonstrate the importance of the anions on the
fine tuning of the structures and thus on the magnetic pro-
perties of the resulting materials. Efforts to introduce func-

Fig. 6 Variable-temperature (a) and variable-frequency (b) AC magnetic
susceptibility data for 2 measured in a zero DC field.

Fig. 7 (a) Cole–Cole plots of 2 from 1.8 to 2.1 K. The solid lines
represent the best fits to the experimental data according to the
generalized Debye model; (b) Arrhenius plot of the relaxation times.
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tional anions and to extend this chain architecture to other
metal centres are under way.
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