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Two manganese(II) coordination polymers, [Mn2(bpt)(pa)2-
(N3)]n [1; Hpa = picolinic acid, Hbpt = 3,5-bis(2-pyridyl)-4H-
1,2,4-triazole] and [Mn3(ina)2(pa)2(N3)2]n (2; Hina = isonicot-
inic acid), have been synthesized by solvothermal treatment,
in which the ligands bpt and pa were generated in situ by
cyclocondensation and hydrolysis of 2-pyridylamidrazone,
respectively. In 1, each binuclear subunit [Mn2(bpt)(N3)]
bridged by bpt and N3

– ligands is interlinked to four adjacent
subunits via four tridentate pa ligands into a diamondoid 3D
network, which shows spin-canting magnetism arising from

Introduction
Recent years have witnessed an explosion of interest in

molecular-based magnetic materials, since such materials
can help in understanding magneto-structural correlations
and some fundamental phenomena of magnetism, and may
have potential applications.[1–4] A basic design route for this
kind of magnetic materials is to appropriately organize the
paramagnetic ions into ordered polynuclear architectures
by use of bridging ligands that can efficiently transmit mag-
netic superexchange. In addition to the nature of the metal
centers, the bulk magnetic properties mainly depend on the
bridging modes and bridging geometries of the bridging li-
gands. This fact provides an opportunity to produce new
molecule-based magnetic materials by crystal engineering,
although so far the pursuit of designing polynuclear com-
plexes and extended networks with predictable magnetic
properties is still a challenge, because the structural factors
governing the exchange coupling between paramagnetic
centers are complex and elusive. Azide was widely used to
connect metal ions, and the correlation between the struc-
ture and magnetic properties of the end-on (EO), or µ1,1-
azide, and end-to-end (EE), or µ1,3-azide, coordination
modes was observed, generally giving ferro- (F) and antifer-
romagnetic (AF) interactions, respectively. The interactions
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the lack of inversion centers between the interacting spin
centers. In 2, the MnII ions are alternately connected by
double µ1,3-carboxylate/µ1,1-azide and double µ1,1-carboxyl-
ate bridges into a 1D magnetic chain, which exhibits a topo-
logical ferrimagnetic behavior in an antiferromagnetic-anti-
ferromagnetic-ferromagnetic sequence. These chains are
further interlinked via ina ligands into a 2D network.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

also depend highly on the M–N–M angle;[5,6] however,
these angles are mutable and difficult to predict and control
in the uniquely azide-bridged complexes. Therefore, the in-
troduction of a second bridging ligand to control the ex-
change angle between the metal ions may provide a feasible
approach to the construction of bulk magnetic materials.
Furthermore, multidentate ligands containing a carboxylate
and a pyridyl group, such as nicotinate (na), isonicotinate
(ina), and picolinate (pa), have been frequently used in the
preparation of magnetic materials, because the various co-
ordination modes adopted by the carboxylate group can
transmit the magnetic coupling in different degrees, and the
coordination of the pyridyl and carboxylate groups in these
ligands may result in extended frameworks.[7] Unfortu-
nately, the examples of higher dimensional (2D and 3D)
molecule-based magnetic materials in which bridging azide
and carboxylate groups coexist are relatively rare so far.[8]

Meanwhile, the hydro(solvo)thermal technique has been
successfully applied to synthesize inorganic materials,[9] in-
organic–organic hybrid materials, and coordination poly-
mers.[10] It facilitates not only the assembly and crystalli-
zation of functional metal coordination polymers that can
not be directly assembled from the organic ligands and
metal ions,[10] but also some important in situ ligand reac-
tions,[11–13] leading to the formation of in situ generated
mixed-ligand coordination polymers that can not be easily
obtained otherwise.[13f]

During our study of the reaction mechanisms of different
organonitriles with hydrazine hydrate,[14] two new mixed-
ligand polymeric manganese(II) complexes, [Mn2(bpt)(pa)2-
(N3)]n [1; Hpa = picolinic acid, Hbpt = 3,5-bis(2-pyridyl)-
4H-1,2,4-triazole] and [Mn3(ina)2(pa)2(N3)2]n (2; Hina =
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isonicotinic acid), containing azide and carboxylate bridges,
have been synthesized and characterized by single-crystal
X-ray diffraction and low-temperature magnetic studies.

Results and Discussion

Synthesis

Compound 1 was synthesized under solvothermal condi-
tions with 2-pyridylamidrazone and azide anion in the pres-
ence of MnII salt, in which both bpt and pa ligands were
generated in situ (Scheme 1). Interestingly, bpt was ob-
tained by the cyclocondensation reaction of 2-pyridylamid-
razone in the presence of MnII ion.[14] Meanwhile, the hy-
drolysis reaction was also observed. It is not surprising to
observe the hydrolysis reaction of 2-pyridylamidrazone to
pa at high temperature and pressure, since amidrazone
groups can be hydrolyzed to carboxylate groups under com-
mon reaction conditions.[15] Presumably, MnII ions promote
the hydrolysis of 2-pyridylamidrazone.[16] When Mn(ina)2

salt was used in place of MnC2O4·3H2O, 2 was produced,
and only the hydrolysis but not the cyclocondensation reac-
tion was observed. This fact may be attributed to the dif-
ferent MnII sources, as the structure of the 3D Mn(ina)2·
0.5EtOH·0.5H2O is more stable than that of the 1D
MnC2O4·3H2O.[17,18] Obviously, it is more difficult to re-
lease MnII ions, which can facilitate cyclocondensation re-
actions, from the more stable MnII salt.

Scheme 1. The in situ solvothermal ligand reaction of 2-pyridyl-
amidrazone in the presence of MnII.

Description of the Crystal Structures

[Mn2(bpt)(pa)2(N3)]n (1)

Compound 1 crystallizes in the acentric Fdd2 space
group. Each bpt ligand binds to two MnII ions [Mn1–N1
2.301(4) and Mn1–N2 2.222(4) Å] in a cis bis(chelate)
mode. A pair of MnII ions are additionally bridged by an
azide ligand in the EE mode [Mn1–N5 2.198(4) Å] and fur-
ther coordinated by four pa ligands derived from the hy-
drolysis of 2-pyridylamidrazone to furnish a dinuclear sec-
ondary building unit (SBU) (Figure 1a). The intradimer dis-
tance Mn1···Mn1A is 4.665 Å, much shorter than that in
the dinuclear MnII complexes double bridged by EE azide
(5.166–5.485 Å).[5c,19] Furthermore, each SBU connects
four adjacent SBUs via the µ-carboxylate bridges of four
pa ligands into a 3D coordination polymer (Figure 1b), in
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which each pa acts as a tridentate ligand and each carboxyl-
ate group bridges two SBUs in a syn-anti coordination
mode (Mn···Mn 6.080 Å). From the topological point of
view, each SBU can be considered as a four-connecting
node, which is connected by four bridging pa ligands as
two-connecting linkers. Consequently, the 3D network can
be regarded as a diamondoid structure, as shown in Fig-
ure 1c.

[Mn3(ina)2(pa)2(N3)2]n (2)

Compound 2 is a 2D coordination polymer constructed
by trinuclear SBUs with the bridging ligands ina, pa, and
N3

–. There are two crystallographically independent MnII

ions in each SBU (Figure 2a), in which Mn1 is located at
a crystallographic inversion center and displays a slightly
distorted octahedral geometry, being surrounded by four
oxygen atoms [Mn1–O4 2.125(2) and Mn1–O2A
2.207(1) Å] from two pa and two ina ligands as well as by
two nitrogen atoms [Mn1–N3 2.227(2) Å] from two N3

–. On
the other hand, the Mn2 atom adopts an N3O3 geometry,
being coordinated by a chelating pa ligand [Mn2–N1
2.257(2), Mn2–O1 2.216(2) Å], one bridging oxygen atom
from another pa, and a nitrogen atom of one EO azide
[Mn2–N3 2.134(2) Å] ligand, as well as one oxygen and one
nitrogen atom from two ina ligands [Mn2–N2d 2.357(2),
Mn2–O3 2.168(1) Å]. The coordination modes of ina, pa,
and azide in 2 are depicted in Figure 3. The Mn1 and Mn2
atoms are bridged by two syn-syn µ-1,3-carboxylate groups
of the ina and pa ligands as well as by an EO azide ligand.
Furthermore, the SBUs are interlinked to each other via
two single oxygen bridges to form a chain. The Mn1···Mn2
distance is 3.569 Å, being markedly shorter than that of a
mixed-ligand MnII complex featuring a syn-syn carboxylate
and an EO azide (3.861 Å) ligand.[8c] The Mn1–N3–Mn2
angle [109.86(8)°] is significantly larger than the crossover
angle between AF and F interactions on the EO coordina-
tion mode of azide[5a] and the experimental observations
(100.5–104.1°),[5c,19] but much smaller than that reported in
[Mn3(N3)2(na)4(H2O)2] (118.6°).[8c] The Mn2···Mn2A dis-
tance is 3.512 Å, comparable with those in carboxylate-
bridged trinuclear MnII complexes,[20] and the Mn2–O1–
Mn2A angle is 105.56(6)°. The adjacent chains are further
linked by tridentate ina ligands (Figure 3a) into a 2D net-
work. The interchain Mn···Mn distances across the ina li-
gands are 9.073 and 9.527 Å.

Magnetic Properties

Magnetic Properties of 1

The magnetic susceptibility of powder 1 was investigated
in the temperature range 2–300 K at an applied field of
500 G, and the plots of χM and χMT vs. T are shown in
Figure 4. When the sample is cooled from 300 K, the χM

per MnII exhibits a smooth increase to a rounded maximum
of 0.038 emumol–1 at ca. 25 K, then decreases slightly to
0.037 emumol–1 at 7.8 K, and thereafter increases rapidly
to 0.110 emumol–1 at 2 K. Meanwhile, the χMT per MnII
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Figure 1. Views of the dinuclear SBU (a) (symmetry codes, A: –x, 1 – y, z; B: –1/4 – x, 1/4 + y, –1/4 + z; C: 1/4 + x, 3/4 – y, –1/4 + z),
the 3D structure (b), and the topology (each ball represents a Mn2 SBU) (c) of 1.

displays a sharp decrease upon cooling to a minimum of
0.27 emuKmol–1 at 7.2 K, and then a slight increase to a
maximum of 0.51 emuKmol–1 at 5.7 K, finally decreasing
again upon further cooling to 2 K.

The χMT value per MnII of ca. 3.82 emuKmol–1 at
300 K is slightly lower than the calculated value of
4.38 emuKmol–1 for magnetically isolated high-spin MnII

ions (S = 5/2, g = 2.0). The temperature dependence of
magnetic susceptibility above 100 K obeys the Curie–Weiss
law χM = C/(T – θ) with a Weiss constant θ = –70.0(6) K
and a Curie constant C = 4.73(1) cm3 mol–1 K, indicating a
dominant AF interaction between the metal centers (Fig-
ure 4, inset). Therefore, we can assume an AF coupling be-
tween the dimetallic centers via the EE-azide and cis-bpt
bridges, probably together with a weak AF coupling be-
tween the dimeric SBUs in the 3D structure via the syn-
anti carboxylate bridge. These are in agreement with the
observation of AF interactions for MnII complexes con-
nected via EE-azide, cis-bpt,[21] or syn-anti carboxylate
bridges.[22] The magnetic exchange between the MnII ions
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follows two pathways: intradimeric via EE-azide and cis-
bpt, as well as interdimeric via syn-anti carboxylate bridges.
The intradimeric interaction (J) can be expressed as: Ĥex =
–2JŜ1Ŝ2. The susceptibility per Mn2 (χ�dimer) can be given
as shown in Equation (1).[23]

(1)

Taking into consideration the possibility of the interac-
tions between the dinuclear SBUs in the crystal lattice, a
correction for the molecular field is made [Equation (2)].

(2)

Where N is the Avogadro number, β is the Bohr magne-
ton, k is the Boltzmann constant, x = J/kT, J is the intra-
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Figure 2. Views of the SBU (a) (symmetry codes, A: –x, –y, –z; B: 1 – x, –y, –z; C: 1 + x, y, z; D: x, 1 + y, z; E: –x, –1 – y, –z; F: 1 – x,
–1 – y, –z) and the 2D structure viewed along the c axis (b) in 2.

dimer coupling constant, J� is the interdimer exchange inter-
action, and z is the number of nearest neighbors of the di-
mer. The best fitting of the experimental magnetic data
above 40 K to Equation 2 gives the following parameters:
g = 2.04(1), J = –3.71(2) cm–1, zJ� = –1.35(3) cm–1 and
R = 6.95�10–7, where R = Σ[(χMT)obs – (χMT)calcd]2/
Σ[(χMT)obs]2. The results are in good agreement with those
reported for 2D MnII complexes containing EE azide bridg-
ing networks [19,24] and confirm that the interactions medi-
ated via the EE-azide and cis-bpt, and syn-anti carboxylate
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bridges are all AF interactions. However, it should be noted
that the fitted values for J and zJ� are only qualitatively
valid, because their comparability in magnitude does not
meet the requirement of the molecular field approximation
that zJ� should be much smaller than J.[24]

The magnetic properties of 1 in the low-temperature re-
gion are more complicated: the susceptibility exhibits first
an increase, then a decrease, and finally a rapid increase.
Though the intradimer and interdimer AF interactions tend
to align the MnII spins in a compensated way to give a zero
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Figure 3. Coordination modes of ina (a), pa (b), and azide (c) in 2.

Figure 4. Temperature dependence of χM (�) and χMT (�) for 1.
The dots are experimental values and the solid lines represent the
best fits. Inset: temperature dependence of χM

–1 (∆) for 1; the solid
line represents the best fit of the Curie–Weiss law χM = C/(T – θ).

residual moment, the low-temperature magnetic behavior of
1, in which both χM and χMT increase sharply, suggests the
existence of uncompensated residual spin moments and the
occurrence of long-range weak F ordering.[25] The weak
ferromagnetism may come from spin canting: the antiferro-
magnetically coupled local spins are not perfectly antiparal-
lel but canted to each other, resulting in uncompensated
residual spins.[19,24] The correlation between the residual
spins may lead to long-range ordering. In 1, the χMT values
increase rapidly upon cooling below 7 K, indicating an F-
like correlation. To further observe the magnetic transition
at low temperature, FC (field-cooled) and ZFC (zero-field-
cooled) magnetization measurements were carried out at
100 G below 30 K. As depicted in Figure 5a, compound 1
displays weak spontaneous magnetization that can be at-
tributed to the onset of long-range ordering of the canted
spins. The divergence of the ZFC and FC data below Tc =
6.5 K indicates irreversibility arising from the formation of
an ordered magnetic state. To confirm this phenomenon,
FC magnetizations at different fields were applied, as the
magnetic behavior of a weak ferromagnetism arising from
spin canting is rather field-dependent. As expected, the field
dependence of the FC magnetization was really observed
(Figure 5b). The increase in the χM and χMT values become
imperceptible at higher fields at the measured temperature,
and these curves show no rise anymore at a magnetic field
of 20 kG or above, indicating that the weak 3D AF interac-
tion is overcome by the external field to result in an ordered
F phase.
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Figure 5. FC and ZFC magnetization plots at 100 G (a) and FC
magnetizations in the forms of χM and χMT (inset) vs. T plots at
different fields (b) for 1.

Further experimental evidence for the spin-canted weak
ferromagnetism in 1 comes from field-dependent isothermal
magnetization measurements at 2 K (Figure 6). In the high-
field region (H � 15 kG), the magnetization increases lin-
early with the field, and the magnetization value (0.364 Nβ)
at the highest field (70 kG) is far below the saturation value
(5 Nβ) expected for MnII species (S = 5/2). This behavior is
consistent with weak ferromagnetism due to spin cant-
ing.[25] A hysteresis loop was observed at 2 K with a rem-
nant magnetization (Mr) of 0.005 Nβ and a coercive field
(Hc) of 820 G (Figure 6, inset), confirming the weak F or-
dering at low temperature.

It is well-known that spin canting may arise from single-
ion magnetic anisotropy and/or antisymmetric exchange
(Dzyaloshinsky–Moriya interaction).[26,27] Considering the
isotropic character of the MnII ion, it has been often sug-
gested that the Dzyaloshinsky–Moriya interaction is the
main source of spin canting in MnII compounds,[27,28]

which is consistent with the acentric Fdd2 space group of
1. This may suggest that spin canting has a significant con-
tribution from acentric symmetry between the interacting
spin centers.
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Figure 6. Field dependence of magnetization of 1 at 2 K. Inset: The
hysteresis loop at 2 K.

Magnetic Properties of 2

The χMT vs. T plot for compound 2 is shown in Figure 7.
The χMT value (4.01 emuKmol–1) per MnII at 300 K is
somewhat lower than that expected for a high-spin MnII

ion (4.38 emuKmol–1). The magnetic susceptibility above
50 K obeys the Curie–Weiss law with a Weiss constant, θ =
–45.1(3) K, and a Curie constant, C = 4.63(1) cm3 mol–1 K,
indicating the presence of a dominant AF interaction (Fig-
ure 7, inset). On cooling, χMT falls to 1.67 emuKmol–1 at
14 K and then rises at lower temperatures to reach a maxi-
mum value of 3.49 emuKmol–1 at 2 K. This behavior is the
typical of ferrimagnetism.

Figure 7. Plot of χMT vs. T for 2; the solid line represents the best
fit of the data according to the theoretical model. Inset: tempera-
ture dependence of χM

–1 for 2; the solid line represents the best fit
of the Curie–Weiss law χM = C/(T – θ).

The ferrimagnetic behavior of 2 can be suggested to arise
from intrachain magnetic interactions due to the fact that
the MnII chains are well separated by the ina bridges, in
agreement with the absence of peaks in the real parts, χ�,
above 2 K in the curves of ac susceptibility (Figure S1).
There are two kinds of magnetic exchange pathways in
compound 2 with a J1J1J2 repeating sequence according to
the chain topology: one consists of two syn-syn µ2-1,3-car-
boxylate bridges and an EO azide bridge; the other consists
of two µ1,1-O bridges from two µ3-carboxylate groups (Fig-
ure 8a). Due to noncompensation in spin moments within
such a chain, the magnetic exchange through the former
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kind of bridges should be AF and that through the latter
must be F. The exchanges alternate according to an AF-
AF-F repeating sequence to produce the spin topology that
corresponds to a (5, 5/2) ferromagnetic chain (Figure 8b).
The field-dependent magnetization curve at 2 K indicates
that the saturation magnetization per MnII atom, achieved
at 70 kG, is ca. 1.73 Nβ (Figure 9). This value is consistent
with an S = 5/2 spin state per [Mn3(ina)2(pa)2(N3)2] basic
unit, indicating that the MnII chain is a typical (5, 5/2) to-
pological ferrimagnetic chain with alternating AF-AF-F in-
teraction.[25,29–31]

Figure 8. Bridging chain (a) and spin topology of the (5, 5/2) ferri-
magnetic chain (b) in 2.

Figure 9. The field-dependent magnetization curve of 2 at 2 K.

To evaluate the exchanges, a nonlinear least-squares fit-
ting of the theoretical expression proposed by Escuer et
al.[31a,31b] to the experimental data has been performed by
varying g, J1, J2 and minimizing the residual R = [Σ(χobsT –
χcalcT)2/Σ(χobsT)2]. The best fit to the data above 2 K is
achieved with g = 2.02(1), J1 = –6.21(8) cm–1, J2 =
0.22(1) cm–1, R = 1.10�10–4. The J1 value is associated
with the AF exchange through the mixed carboxylate/azide
(EO) bridges, in agreement with the previous observations
in MnII complexes,[8c,32] whereas the double µ1,1-O bridges
mediate a ferromagnetic (J2) interaction, which may arise
from accidental orthogonality between magnetic orbitals
around the metal ions.[29,33] Relative to the 3D complex of
trinuclear SBUs [Mn3(4-aba)6]n (J1 = –4.5 cm–1, J2 =
0.38 cm–1),[29] the AF is slightly stronger, while the F is
slightly weaker, which may be attributed to the fact that
µ1,1-azide bridges transmit stronger AF interactions with a
large Mn1–N3–Mn2 angle [109.86(8)°], while µ1,1-O bridges
transmit a weaker F exchange as the Mn2–O1–Mn2A angle
[105.56(6)°] is larger than that in [Mn3(4-aba)6]n (97.10°).
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Conclusions

Two manganese(II) coordination polymers,
[Mn2(bpt)(pa)2(N3)]n (1) and [Mn3(ina)2(pa)2(N3)2]n (2),
have been synthesized under solvothermal conditions. The
bpt and pa ligands were generated in situ by cyclocondensa-
tion and hydrolysis of 2-pyridylamidrazone, respectively.
Magnetic studies show that 1, featuring a diamondoid net-
work, exhibits spin-canting magnetism due to the lack of
inversion centers between the interacting spin centers, while
2 shows a topological ferrimagnetic behavior in an AF-AF-
F sequence, in which the magnetic exchanges through the
mixed µ1,3-carboxylate/µ1,1-azide bridges and the double
µ1,1-carboxylate bridges are AF and F, respectively.

Experimental Section
General Remarks: The reagents and solvents employed were com-
mercially available and used as received without further purifica-
tion. The C, H, and N microanalyses were carried out with a Vario
EL elemental analyzer. The FTIR spectra were recorded from KBr
pellets in the range 400–4000 cm–1 with a Bruker TENSOR 27
FTIR spectrometer. Magnetic susceptibility data of powder sam-
ples were collected in the temperature range 2–300 K with the use
of a Quantum Design MPMS XL-7 SQUID magnetometer. The
diamagnetic corrections were estimated from the Pascal’s constants.
2-Pyridylamidrazone,[34] MnC2O4·3H2O,[17] and Mn(ina)2·
0.5EtOH·0.5H2O[18] were synthesized according to the published
procedures, and their identities were confirmed with NMR spectra
or elemental analysis.

Synthesis of [Mn2(bpt)(pa)2(N3)]n (1): A mixture of 2-pyridylamid-
razone (0.272 g, 2 mmol), MnC2O4·3H2O (0.197 g, 1 mmol), NaN3

(0.130 g, 2 mmol), and 95% C2H5OH (4 mL) was heated in a 15-
mL Teflon-lined autoclave at 120 °C for 3 d, followed by slow cool-
ing (5 °Ch–1) to room temperature. After the mixture was filtered
and washed with 95% ethanol, yellow block crystals were collected
and dried in air (0.247 g, yield ca. 80% based on Mn).
C24H16Mn2N10O4 (618.34): C 46.62, H 2.61, N 22.65; found C
46.62, H 2.65, N 22.66. FTIR: ν̃ = 3852 (w), 3745 (w), 3387 (vs),
3077 (w), 2061 (s), 1575 (s), 1463 (m), 1389 (vs), 1145 (m), 1092
(m), 1043 (m), 848 (w), 806 (w), 759 (m), 700 (m), 637 (m), 528
(m) cm–1.

Synthesis of [Mn3(ina)2(pa)2(N3)2]n (2): The reaction was carried out
by a method similar to that for 1, using Mn(ina)2·0.5EtOH·0.5H2O
(0.331 g, 1 mmol) instead of MnC2O4·3H2O. After the mixture was
filtered and washed with 95% ethanol, yellow block crystals were
collected and dried in air (0.181 g, yield ca. 74% based on Mn).
C24H16Mn3N10O8 (737.28): C 39.10, H 2.19, N 19.00; found C
39.07, H 2.21, N 18.86. FTIR: ν̃ = 3745 (w), 3393 (m), 3348 (m),
3068 (w), 2979 (w), 2622 (w), 2001 (s), 1620 (s), 1550 (vs), 1475
(m), 1395 (s), 1336 (m), 1292 (m), 1171 (w), 1092 (w), 1050 (m),
1010 (m), 850 (m), 770 (m), 698 (vs), 648 (w), 603 (w), 556 (w), 451
(m) cm–1.

X-ray Crystallographic Study: Diffraction intensities for the com-
pounds were collected at 293(2) K with a Bruker Apex CCD area-
detector diffractometer (Mo-Kα, λ = 0.71073 Å). Absorption cor-
rections were applied by using the multiscan program SADABS.[35]

The structures were solved with direct methods and refined with
the full-matrix least-squares technique using the SHELXTL pro-
gram package.[36] Anisotropic thermal parameters were applied to
all the non-hydrogen atoms. The organic hydrogen atoms were gen-
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erated geometrically (C–H: 0.96 Å). The absolute structure of 1 has
been determined with a Flack parameter of 0.01(3).[37] Crystal data
as well as details of data collection and refinement for the com-

Table 1. Crystallographic data and structure refinement for 1 and
2.

Complex 1 2

Molecular formula C24H16Mn2N10O4 C24H16Mn3N10O8

Formula weight 618.34 737.28
Crystal system orthorhombic triclinic
Space group Fdd2 P1̄
a/Å 19.549(3) 8.8369(6)
b/Å 27.242(4) 9.5269(6)
c/Å 9.6170(13) 9.9558(7)
α/° 90 105.425(1)
β/° 90 107.066(1)
γ/° 90 106.808(1)
V/Å3 5121.6(12) 708.42(8)
Z 8 1
ρcalcd./g cm–3 1.604 1.728
µ/mm–1 1.039 1.384
Reflections collected 4666 5749
Independent reflections 2584 2926
Data/restraints/parameters 2216/0/182 2683/0/205
R indices [I�2σ(I)][a], 0.0558, 0.1042 0.0280, 0.0777
wR2[b] (all data)
(∆ρmax/∆ρmin)/eÅ–3 0.54/–0.36 0.39/–0.22

[a] R1 = ∑||Fo| – |Fc||/∑|Fo|. [b] wR2 = [∑w(Fo
2 – Fc

2)2/∑w(Fo
2)2]1/2.

Table 2. Selected bond lengths [Å] and bond angles [°] of 1 and 2.[a]

1

Mn1–O1 2.114(3) Mn1–N1 2.301(4)
Mn1–N2 2.222(4) Mn1–N5 2.198(4)
Mn1–O2C 2.166(4) Mn1–N4C 2.283(4)
O1–Mn1–N1 87.7(1) O1–Mn1–N2 96.1(1)
O1–Mn1–N5 92.3(2) O1–Mn1–O2C 99.4(1)
O1–Mn1–N4C 173.2(1) N1–Mn1–N2 73.3(1)
N1–Mn1–N5 172.1(2) N1–Mn1–N4C 94.5(11)
N2–Mn1–N4C 90.8(1) N2–Mn1–N5 98.8(1)
O2C–Mn1–N2 158.7(1) O2C–Mn1–N1 92.7(1)
O2C–Mn1–N5 95.1(2) O2C–Mn1–N4C 74.1(1)
N4C–Mn1–N5 86.3(2) Mn1–N5–N6 119.0(3)

2

Mn1–O2A 2.207(1) Mn1–O4 2.125(2)
Mn1–N3 2.227(2) Mn2–O1 2.216(2)
Mn2–N3 2.133(2) Mn2–N1 2.257(2)
Mn2–O3 2.168(2) Mn2–N2D 2.357(2)
O4–Mn1–N3 89.30(7) O2C–Mn1–O4 91.74(7)
O2A–Mn1–O4 88.26(7) O2C–Mn1–N3 84.77(6)
O4–Mn1–N3B 90.70(7) O4B–Mn1–N3 90.70(7)
O2A–Mn1–N3 95.23(6) O2C–Mn1–N3B 95.23(6)
O2C–Mn1–O4B 88.26(7) O2A–Mn1–N3B 84.77(6)
O2A–Mn1–O4B 91.74(7) O1–Mn2–O3 93.46(6)
O4B–Mn1–N3B 89.30(7) O1–Mn2–N3 171.85(7)
O1–Mn2–N1 72.86(6) O1–Mn2–O1A 74.44(5)
O1–Mn2–N2D 87.44(6) O3–Mn2–N3 93.31(7)
O3–Mn2–N1 89.86(7) O1A–Mn2–O3 94.71(6)
O3–Mn2–N2D 177.78(6) N1–Mn2–N2D 88.46(7)
N1–Mn2–N3 111.69(7) N2D–Mn2–N3 85.95(7)
O1A–Mn2–N1 147.18(7) O1A–Mn2–N2D 87.49(6)
O1A–Mn2–N3 100.48(6) Mn1–N3–N4 121.30(18)
Mn2–O1–Mn2A 105.56(6) Mn1–N3–Mn2 109.86(8)

[a] Symmetry codes for 1: C: 1/4 + x, 3/4 – y, –1/4 + z. For 2: A:
–x, –y, –z; B: 1 – x, –y, –z; D: x, 1 + y, z.
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plexes are summarized in Table 1. Selected bond lengths and bond
angles are listed in Table 2.

CCDC 624799–624800 contain the supplementary crystallographic
data for this paper. These data can be obtained free of charge via
www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge
CB21EZ, UK; Fax: +44-1223-336-033).

Supporting Information (see footnote on the first page of this arti-
cle): Temperature dependence of the real χ� and imaginary χ" parts
of the ac susceptibility (Hdc = 0 Oe, Hac = 3 Oe) for 1.
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