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Two azide-bridged coordination polymers, [Cu(mptz)(N3)2]
(1) and [Mn(mptz)(N3)2H2O] (2), (mptz = N-methyl-4-pyrid-
inium tetrazolate), were synthesized and crystallographically
and magnetically characterized. Compound 1 is a neutral 1D
coordination polymer in which the CuII ions, which are in a
square pyramidal surrounding, are linked by double end-on
azide bridges in an alternating basal–basal and basal–apical
fashion. Compound 2 exhibits a 3D MnII–azide coordination
framework with the (10,3)-b net topology, in which the
double end-on–azide-bridged dimanganese units are inter-

Introduction
The field of molecular magnetism has attracted much at-

tention and seen great progress in recent years. It has fo-
cused on revealing the magneto-structural correlations in
molecular systems, understanding the underlying physics,
and constructing new magnetic materials with potential
technological applications.[1–3] Many material with various
topologies or intriguing magnetic properties, in which the
paramagnetic metal ions are held in close proximity by the
short bridging ligands, have been synthesized.[4–5] The con-
nection of the paramagnetic centers by short pseudo-halide
ligands is an important strategy that has been used to access
these materials. Particular interest has focused on the azide
ligand because of its efficiency in ferromagnetic (FM) or
antiferromagnetic (AF) coupling, as well as its diversity in
its coordination modes μ-1,1 (end-on, EO), μ-1,3 (end-to-
end, EE), μ-1,1,3 and so forth, and polymeric bridging net-
works. In addition, a large number of azide-bridged com-
plexes with different dimensionalities and various topolog-
ies have been reported in the literature,[5–7] which include
many long-range ordering materials and a few single-mole-
cule/-chain magnets (SMMs and SCMs).[5,6,8] Particular at-
tention has focused on magnetic systems that have a three-
dimensional (3D) coordination network.[9–13] However, 3D
metal–azide networks are still rare in comparison to the
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linked by single end-to-end azide bridges. The magnetic
analyses indicated that 1 behaves magnetically as a quasi-
dimer with an S = 1 ground state due to a strong ferromag-
netic interaction through the basal–basal azide bridges and
a very weak antiferromagnetic coupling through the basal–
apical azide bridges. Compound 2 exhibits 3D antiferromag-
netic behaviors with TN = 24.0 K, where the end-to-end and
end-on azide bridges mediate the antiferromagnetic and fer-
romagnetic interactions, respectively.

large number of 1D and 2D systems. Among the known
examples, some are reinforced by embedded organic brid-
ges,[9–11] while others contain no additional bridges but have
embedded non-bridging organic ligands[12] or have hosted
cationic guests (Cs+ or Me4N+).[13] The metal ions that are
contained in the 3D metal–azide networks are mainly
CuII[12c–12e] and MnII,[11,12a,12b,13] and in a few cases,
CoII [9a–9c] and FeII.[9d]

Recently, we have demonstrated that the zwitterionic
carboxylate ligands can lead to 1D, 2D, or 3D systems
with mixed azide and carboxylate bridges, which show di-
verse magnetic properties such as ferromagnetic cou-
pling,[14a,14b] solvent-modulated metamagnetism,[14c,14d] and
SCMs.[14d–14f] As an extension of this study, we turned to
the zwitterionic tetrazolate ligands, which remain largely
unexplored in coordination chemistry, although the tetra-
zolate ligands are evoking increasing interest.[15] In this pa-
per we report on two coordination compounds that have a
zwitterionic tetrazolate ligand, N-methyl-4-pyridinium tet-
razolate (mptz). The compounds are formulated as
[Cu(mptz)(N3)2] (1) and [Mn(mptz)(N3)2H2O] (2). Com-
pound 1 is composed of chains that have alternating basal–
basal and basal–apical EO–azide bridges, while compound
2 exhibits a novel 3D MnII–azide coordination framework

Scheme 1. The chemical structure of mptz.
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with mixed EE and EO bridges. The mptz ligand in both
of the compounds adopts the terminal coordination mode.
The magnetic analyses indicated that 1 exhibits alternating
FM and AF interactions along the chain while 2 exhibits
long-range AF ordering (Scheme 1).

Results and Discussion

Description of the Structures

The Structure of 1

The CuII coordination environment of compound 1 is
depicted in Figure 1 (a) and the selected bond lengths and
angles are listed in Table 1. The asymmetric unit contains
one CuII atom, one mptz ligand, and two azide ions. The
unique CuII ion assumes an elongated square pyramidal ge-
ometry where the basal plane is formed by three azide nitro-
gen atoms (N8, N8A, and N9) and a tetrazolate nitrogen
atom (N3) and the apical position is occupied by another
azide nitrogen atom (N9B). The basal Cu–N distances are
in the narrow range of 1.9620(15) to 2.0110(15) Å while the
apical distance is significantly longer [2.6626(19) Å]. A le-
ast-squares plane calculation showed that the CuN4 base
unit is essentially planar with a maximum deviation of
0.0883(19) Å from the mean plane. The structure of 1 can
be viewed as being made up of dinuclear neutral units with
the formula [Cu2(mptz)2(N3)4], which results from the as-

Figure 1. (a) The coordination environment of the CuII ions in 1
with the atom labeling scheme. The thermal ellipsoids are drawn at
the 50% probability level (A, 2 – x, –y, 2 – z; B, 1 – x, –y, 2 – z;
C, 1 + x, y, z). (b) The 1D azide-bridged CuII chain.

Eur. J. Inorg. Chem. 2011, 4738–4744 © 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org 4739

sembly of two CuII spheres through two equivalent symmet-
ric EO–azide bridges with a Cu···Cu bond length of
3.1537(3) Å. The azide bridges are arranged between the
CuII ions in the basal–basal fashion, that is, the bridging
nitrogen atoms lie in the basal planes of both of the CuII

ions. The bridging angle of Cu1–N8–Cu1A is 103.32(7)°
and the [Cu2N2] four-membered ring is planar. The neigh-
boring dinuclear units are connected through the double
asymmetric EO–azide bridges, which are disposed in the
basal–apical fashion with long (apical) and short (basal)
Cu–N distances. Therefore, a 1D-chain that has alternating
basal–basal and basal–apical azide bridges was formed and
is shown in Figure 1 (b). The Cu···Cu distance and the
Cu–N–Cu angle for the basal–apical azide bridge is
3.3927(3) Å and 92.969(61)°, respectively. All of the chains
in the structure are parallel to the a direction and there
are plenty of interchain weak C–H···N hydrogen bonds (see
Supporting Information, Figure S1). The nearest interchain
Cu···Cu distance is 9.4435(4) Å.

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

1

Cu1–N3 1.9620(15) Cu1–N9 1.9698(17)
Cu1–N8A 2.0090(16) Cu1–N8 2.0110(15)
N3–Cu1–N9 97.80(7) N3–Cu1–N8A 96.05(7)
N9–Cu1–N8A 166.07(7) N3–Cu1–N8 169.94(7)
N9–Cu1–N8 89.76(7) N8A–Cu1–N8 76.68(7)
N6–N7–N8 178.1(2) N7–N8–Cu1A 133.30(13)
N7–N8–Cu1 121.69(13) Cu1A–N8–Cu1 103.32(7)
N10–N9–Cu1 134.28(14) N11–N10–N9 175.0(2)

2

Mn1–N1 2.1737(19) Mn1–N6 2.1775(17)
Mn1–O1 2.1939(15) Mn1–N5 2.2318(16)
Mn1–N5A 2.2765(17) Mn1–N10 2.3064(16)
N1–N2 1.1618(19) N3–N4 1.158(3)
N4–N5 1.175(2) N6–N7 1.1617(17)
N9–N10 1.324(2) N10-N11 1.316(2)
N11-N12 1.339(2) N1–Mn1–N6 92.86(8)
N1–Mn1–O1 88.71(7) N6–Mn1–O1 89.49(7)
N1–Mn1–N5 96.80(7) N6–Mn1–N5 170.24(7)
O1–Mn1–N5 89.36(6) N1–Mn1–N5A 171.59(7)
N6–Mn1–5A 91.94(7) O1–Mn1–N5A 84.43(6)
N5–Mn1–5A 78.30(6) N1–Mn1–N10 94.59(7)
N6–Mn1–N10 87.02(6) O1–Mn1–N10 175.31(6)
N5–Mn1–N10 93.56(6) N5A–Mn1–N10 92.56(6)
N1–N2–N1B 176.1(3) N3–N4–N5 177.9(2)
N6–N7–N6C 180.0 N11–N10–N9 109.95(15)
N10-N11–12 108.86(16) N9–N10–Mn1 116.07(12)

[a] For compound 1, A: 2 – x, –y, 2 – z; for compound 2, A: –x,
1 – y, 1 – z; B: –x, y, 1/2 – z; C: 1/2 – x, 1/2 – y, 1 – z.

The Structure of 2

Compound 2 exhibits a 3D MnII–azide network with the
(10,3)-b topology. The atom numbering scheme is depicted
in Figure 2 (a) and the relevant bond parameters are col-
lected in Table 1. The asymmetric unit consists of one MnII

ion, one mptz ligand, two azide ions, and one aqua mole-
cule. Each MnII center is octahedrally coordinated by four
equatorial azide nitrogen atoms (N1, N5, N6, and N5A), a
tetrazolate nitrogen atom, and an aqua oxygen atom, with
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the Mn–N/O distances ranging from 2.1737(19) to
2.3064(16) Å. Two neighboring MnII ions, which are related
by an inversion center, are doubly linked by two EO–azide
bridges (N5 and N5A) to form a binuclear unit. In the
Mn2N2 planar ring that results, the Mn–N–Mn bridging
angle is 101.70(6)° and the Mn···Mn distance is
3.4962(5) Å. The EO–azide groups deviate somewhat from
the Mn2N2 ring [N5A–N5–N4 170.63(15)°]. Each dimeric
[Mn(μ-EO-N3)2Mn]2+ fragment is linked to four identical
motifs by means of four single EE–azide bridges, which
generates a neutral 3D MnII–azide lattice (Figure 2, c). The
structure features three different chain motifs with alternat-
ing azide bridges (Figure 2, b). There are two independent
sets of EE–azide bridges. One of the EE–azide sets, where
the central nitrogen atom (N2) is on the crystallographic C2

axes, links the dimeric units into chains with alternating EO

Figure 2. (a) The dicuclear unit in 2 with the atom labeling scheme.
The thermal ellipsoids are drawn at the 50% probability level (A,
–x, 1 – y, 1 – z; B, –x, y, 1/2 – z; C, 1/2 – x, 1/2 – y, 1 – z). (b)
Three independent chain motifs with the alternating azide bridges
in 2. (c) The 3D network for 2.
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and EE bridges along the c direction. The Mn–N···N–Mn
torsion angle and the Mn···Mn distance for the EE bridge is
84.955(275)° and 6.2047(12) Å, respectively. The other EE–
azide set lies at the inversion centers, where the Mn–N···N–
Mn torsion angle is 180° and the Mn···Mn distance is
6.281(1) Å, and links the dimeric units into equivalent
chains along the [110] and [1–10] directions, which also have
alternating EO and EE bridges. The third chain motif is
along the [101] direction and is formed by the alternation
of the different EE bridges. The 3D MnII–azide lattice re-
sults from the sharing of the metal ions by the three inde-
pendent chain sets (Figure 2, c). The “voids” in the lattice
are occupied by the terminally coordinated mptz ligands,
with O–H···N hydrogen bonds between the coordinated
water molecules and the tetrazole groups (see Supporting
Information, Figure S2).

The complicated 3D network could be better illustrated
with the help of topological analysis. By simplifying the
double EO and single EE–azide bridges into linear linkers
between the nodes (Mn ions), the 3D network is reduced to
a 3-connected net with the (10,3)-b topology [point symbol:
103, which is denoted ths according to the Reticular Chem-
istry Structure Resource (RCSR) nomenclature][16] (Fig-
ure 3). Alternatively, by taking the EO–azide-bridged di-
mers as nodes, the network becomes 4-connected with a
CdSO4-type topology (point symbol: 65.8, which is denoted
as cds; see also Supporting Information, Figure S3).

Figure 3. The sketch map of the (10,3)-b net in 2 (black rods for
double EO–azide connections, and grey ones for single EE connec-
tions).

It is interesting to note that the 3D MnII–azide network
is in contrast with the 2D networks in which each dimeric
[Mn(μ-EO-N3)2Mn]2+ fragment is also connected to four
identical motifs by single EE–azide bridges. These MnII–
azide layers, which have the 2D honeycomb 63 topology,
have been reported in many systems.[17] Two different 3D
MnII–azide networks that are based on such motifs have
been reported in the previous papers. In one of them, each
dimeric fragment is connected to six neighbors by EE–azide
ligands, which results in a 5-connected 3D net with the hex-
agonal BN topology (46·64, bnn).[13a] In the other one, the



Azide-Bridged Cu(II) and Mn(II) Compounds

dimeric units are connected by means of single EE–azide
bridges and also by methylpyrazine bridges to give another
5-connected 46·64 net (zga)[11e] according to our topological
analysis.[16a] It is interesting to note that the net topology is
the same as that found in 2 if the methylpyrazine is omitted.

Magnetic Properties

The magnetic susceptibility (χ) of compound 1 was mea-
sured in the range of 2 to 300 K and is shown as the χT
and χ versus T plots in Figure 4. The measured χT value at
300 K is approximately 0.96 emumol–1 K per dimer, which
is higher than the spin-only value (0.75 emu mol–1 K with g
= 2.00) for two magnetically isolated S = 1/2 ions. Upon
cooling, the χ value increases monotonically but the χT
value increases up to a maximum value of 1.18 emu mol–1 K
at 10 K and then drops slightly. The data above 100 K fol-
lows the Curie–Weiss law with C = 0.90 emumol–1 K and θ
= 14.80 K. The high-temperature behavior suggests that the
FM interactions dominate in this compound, and the maxi-
mum χT value is close to that expected for an S = 1 state.

Figure 4. The temperature-dependence of χ and χT for 1 under
1 kOe. The solid lines represent the best fit to the Bleaney–Bowers
equation.

According to the structural data, there are two alternat-
ing sets of double EO–azide bridges between the CuII ions
in 1 (Figure 1, b). One set is in the basal–basal fashion and
the other set is in the basal–apical fashion. Two J param-
eters are needed in order to account for the magnetic inter-
actions in the chain. This system may be simplified by con-
sidering the magneto-structural features. Because the mag-
netic orbital of CuII in the axially elongated square pyrami-
dal field is of the dx2–y2 type and is mainly delocalized over
the basal ligands, the magnetic exchange is principally prop-
agated through the basal–basal bridge, and the exchange
through the basal–apical bridge should be much weaker.[18]

This is especially true for the systems where CuII shows lit-
tle or no deviation from the equatorial plane, as was ob-
served in 1. Thus, the alternating chain in 1 can be treated
as a quasi-dimeric system, which has strong intradimeric
magnetic interactions (J) through the basal–basal bridges
and much weaker interdimeric interactions (J�) through
the basal–apical bridges. The magnetic behaviors could be
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analyzed by the Bleaney–Bowers equation – see Equa-
tion (1)[19] – in combination with the molecular-field
approximation, see Equation (2), z = 2.[1a]

χdimer = (2Ng2β2)/kT/[3 + exp(–J/kT)] (1)

χ = χdimer/[1 – (zJ�χdimer/Ng2β2)] (2)

Here, the Hamiltonian for the dimeric unit is H =
–JS1·S2. The best fit over the whole temperature range led
to J = 65.4 cm–1, g = 2.17, and J� = –0.0055 cm–1. The
positive J value confirms a strong intradimeric FM interac-
tion through the double basal–basal EO–azide bridges,
while the small negative J� value suggests a weak interdi-
meric AF coupling through the basal–apical EO–azide
bridges. It has been suggested that the FM interaction
through the double basal–basal EO–azide bridges generally
decreases as the Cu–N–Cu angle or the Cu–N length in-
creases. Theoretical calculations have indicated a crossover
from FM to AF interactions at approximately 104°.[20a] A
collection of the magnetic and structural data for the pre-
vious CuII dimeric compounds have been given else-
where.[20b] Compound 1 lies in the FM regime and follows
the general trend. The interaction is weaker than those for
the compounds with similar Cu–N distances and smaller
Cu–N–Cu angles.[20b,21] The interaction in 1 is similar in
magnitude to those for two previous CuII dimmers,[22]

which have smaller Cu–N–Cu angles, longer Cu–N dis-
tances, and a larger distortion in the square pyramidal ge-
ometry. For the asymmetric basal–apical EO–azide bridges,
negligible to weak interactions, FM or AF, have been re-
ported and no magneto-structural correlations have been
deduced.[23]

The dominating FM interaction in 1 was confirmed by
the isothermal magnetization at 2 K (Figure 5). As the field
is lifted, the magnetization approaches saturation more
rapidly than was predicted from the Brillouin function for
two isolated CuII ions (the dashed line in Figure 5). The

Figure 5. The field-dependent isothermal magnetization curve for
compound 1 at 2 K. The solid and dash lines represent the Bril-
louin curves that were calculated for S = 1 and for the two uncou-
pled S = 1/2 spins, respectively, with g = 2.18.
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experimental curve was well fitted by the Brillouin function
for S = 1, with g = 2.18. This clearly supports the quasi-
dimeric character of the system in term of the magnetism.

The temperature-dependence of the magnetic suscep-
tibility (χ) for compound 2 at an applied field of 1 kOe is
shown in Figure 6. The χT value per MnII at 300 K is ap-
proximately 4.1 emumol–1 K, which is close to the spin-only
value (4.38 emumol–1 K) that is expected for a magnetically
isolated high-spin MnII ion with g = 2.00. As the tempera-
ture is lowed, the χT value decreases continuously, whereas
the χ value first increases to a maximum of
0.049 emumol–1 K at 35 K and then decreases rapidly to
0.037 emumol–1 K at 2 K. The observations that the χ value
extrapolated to 0 K is about two-thirds of the χmax value
and that the d(χT)/dT curve shows a λ-type anomaly at
24.0 K indicate that 2 behaves as a 3D antiferromagnet with
TN = 24.0 K.[24] The data above 100 K follows the Curie–
Weiss law with C = 4.6 emu mol–1 K and θ = –33.1 K. The
ratio for TN/|θ| of 0.73 conforms well to the range for the
3D Heisenberg AF character.[25]

Figure 6. The temperature-dependence of χ and χT for 2. The solid
lines represent the fit to the model for the uniform chains (see the
text). Inset: The differential of χT.

The 3D AF character suggests that the AF interactions
are predominant in the compounds but does not preclude
the existence of FM interactions. It has been demonstrated
by many MnII compounds that the interaction between the
azide-bridged MnII ions is FM for the EO mode, where the
Mn–N–Mn bond angle in the usual range of 99 to 105°,
but that the interaction is always AF for the EE bridging
mode.[26] It is worth noting that theoretical calculations pre-
dicted AF interactions for the EO–azide where the Mn–N–
Mn bond angle is less than 98°, which has recently been
experimentally illustrated by a tetranuclear system.[27] For
2, the Mn–N–Mn bond angle is 101.70(6)°. Therefore, we
assumed that compound 2 exhibits FM and AF interactions
through the double EO and single EE–azide bridges, respec-
tively. In order to evaluate the magnetic interactions, we
applied an approximate approach that has been used for
similar 2D layers.[17b] This approach treats the network as
EE–azide-bridged AF chains that interact ferromagnetically
through the double EO–azide bridges. The AF interaction
(J) through the EE–azide bridge can be accounted for by
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the conventional equation derived by Fisher for a uniform
chain of classical spins based on the Hamiltonian H =
–JSi·Si+1 equation, see Equation (3).[28]

χchain = [Ng2β2S(S + 1)/(3kT)][(1 + u)/(1 – u)] (3)

where u = coth[JS(S + 1)/kT] – kT/[JS(S + 1)] and S = 5/2.
The interaction through the EO–azide bridges is included

by the assumption of an interchain interaction (J�) in the
molecular field approximation [Equation (2), replacing
χdimer for χchain, z = 4]. The least-squares fit of the experi-
mental data above 28 K led to J = –5.91 cm–1 and J� =
0.99 cm–1 with g fixed at 2.00. The above values are in
agreement with the general observation for the MnII ions
that the AF interaction through the single EE bridges is
stronger in magnitude than the FM interaction through the
double EO bridge.[17]

Conclusions

We have presented the syntheses, structures, and mag-
netic properties of two azide-bridged CuII and MnII coordi-
nation polymers that were derived from a zwitterionic pyr-
idinium-tetrazolate ligand. In compound 1 the square py-
ramidal CuII ions are linked to form chains by double end-
on azide bridges in an alternating basal–basal and basal–
apical fashion. In compound 2 the dimeric [Mn(μ-EO-N3)2-
Mn]2+ fragments are linked by means of single EE–azide
bridges to form a 3D MnII–azide framework with the
(10,3)-b net topology. The zwitterionic ligand in both of the
compounds adopts the terminal coordination mode
through the tetrazolate group. The magnetic investigations
revealed that compound 1 has strong intradimeric magnetic
interactions through the basal–basal EO–azide bridges and
much weaker interdimeric interactions through the basal–
apical EO–azide bridges. Compound 2 exhibits FM and AF
interactions through the double EO and single EE–azide
bridges, respectively, and behaves as a 3D antiferromagnet
with TN = 24 K.

Experimental Section
Materials and physical measurements: All of the solvents and rea-
gents for the synthesis were commercially available and were used
as received. The ligand mptz was synthesized according to the lit-
erature methods.[29] The infrared spectra were recorded with a
NEXUS 670 FTIR spectrometer by using the KBr pellets. The ele-
mental analysis was carried out with an Elementar Vario El III
elemental analyzer. The temperature and field-dependent magnetic
measurements were carried out with a Quantum Design SQUID
MPMS-5 magnetometer. The diamagnetic corrections were made
with Pascal’s constants.

[Cu(mptz)(N3)2] (1): A mixture of CuCl2·2H2O (0.10 mmol, 17 mg),
mptz (0.10 mmol, 16 mg), NaN3 (0.20 mmol, 13 mg), and H2O
(8 mL) was sealed in a Teflon-lined autoclave and heated to 100 °C.
After 5 days, the reaction vessel was cooled to room temperature
over 12 h and the pure black block crystals were collected (approxi-



Azide-Bridged Cu(II) and Mn(II) Compounds

mately 64% based on CuCl2·2H2O). C7H7CuN11 (308.78): calcd. C
27.23, H 2.29, N 49.90; found C 26.95, H 2.46, N 49.65. IR (KBr):
ν̃ = 3054 (m), 2089 (s), 2045 (s), 1641 (s), 1572 (m), 1545 (m), 1472
(m), 1348 (s), 1309 (m), 1191 (m), 1133 (m), 1012 (m), 867 (m), 530
(m) cm–1.

[Mn(mptz)(N3)2H2O] (2): A mixture of MnCl2·4H2O (0.10 mmol,
20 mg), mptz (0.10 mmol, 16 mg), and NaN3 (0.20 mmol, 13 mg)
in CH3OH (10 mL) was stirred for 30 min at 60 °C. A clear brown
solution was obtained and was subsequently cooled to room tem-
perature over several days to give compound 2 as transparent yel-
low crystals (approximately 48%). C7H9MnN11O (318.19): calcd C
26.43, H 2.85, N 48.43; found C 26.87, H 2.51, N 48.01. IR (KBr):
ν̃ = 3248 (m), 2094 (s), 1637 (s), 1540 (m), 1468 (m), 1332 (m),
1278 (s), 1218 (m), 1179 (m), 1128 (m), 860 (m), 680 (m) cm–1.

Crystal Data Collection and Refinement: The diffraction intensity
data were collected at 293 K with a Bruker APEX II diffractometer
that was equipped with a CCD area detector and graphite-mono-
chromated Mo-Kα radiation (λ = 0.71073 Å). The empirical ab-
sorption corrections were applied by using the SADABS pro-
gram.[30] The structures were solved by the direct method and were
refined by the full-matrix least-squares method on F2, with all of
the non-hydrogen atoms refined with anisotropic thermal param-
eters.[31] The hydrogen atoms that were attached to the carbon
atoms were placed in calculated positions and were refined by using
the riding model, and the hydrogen atoms of the water molecules in
compound 2 were located from the difference maps. The pertinent
crystallographic data and structure refinement parameters are sum-
marized in Table 2.

Table 2. The crystal data and structure refinements for compounds
1 and 2.

1 2

Formula C7H7CuN11 C7H9MnN11O
Mr 308.78 318.19
Temperature [K] 296 296
Crystal system monoclinic monoclinic
Space group P21/n C2/c
a [Å] 5.2971(2) 12.898(3)
b [Å] 16.2625(5) 12.382(2)
c [Å] 13.1013(4) 15.593(3)
α [°] 90 90
β [°] 98.2440(10) 92.623(2)
γ [°] 90 90
V [Å3] 1116.94(6) 2487.7(8)
Z 4 8
Dc [gcm–3] 1.836 1.699
μ [mm–1] 1.963 1.079
Reflections collected 14815 5017
Unique reflections/Rint 2742/0.0219 2202/0.0216
R1 [I�2σ(I)] 0.0259 0.0301
wR2(All data) 0.0747 0.0876
GOF 1.034 1.071

CCDC-831671 (for 1) and -831672 (for 2) contain the supplemen-
tary crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

Supporting Information (see footnote on the first page of this arti-
cle): Diagrams showing the 3D packing structures in 1 and 2 and
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