524 5 8 W] PV T T
2008 4 8 11 CHINESE JOURNAL OF INORGANIC CHEMISTRY

Vol.24 No.8
1229~1236

B ERMEREVCREY . S5

Bl & A
(AFLSFHFARERT HEIMHLZALAEBRELERE,
ERRFAFLE S FLAEFR LT 100871)

EE . /] Demko-Sharpless /1% ZEVE RIS AF T 0T LU 4 A 500 AR AT £ DU e L PR T 7 b BT, 51 A &8 U S M AL T
PAF T 2 A EEF I AL R B Y Coy(3-ptz)u(Na)o(Hy0),-4H,0 (1)55 Mny(3-ptz)y(N3)u(H,0)-0.5H,0 (2), 2 DHECE W, i it 52 ) 3k
FHIFFFE LA 3-(pyridiny)tetrazole(3-ptz) 1 85 F 5 it B (0 & ZAE RN 2 5 B RIUT 2RO L&Y BA 221045
F, EIRS DO e B NS A G s RS A R

KR, IEIH%, %/f;k, %ﬁ, %, ?:ﬁ‘], T

FESES . 0614.711; 0614.812 XERARIRAD ;A XEHS: 1001-4861(2008)08-1229-08
Two Magnetic Metal Coordination Polymers with Tetrazolyl

Ligands through in situ Reactions

LI Ru-Yin GAO Song*
(Beijing National Laboratory for Molecular Sciences, State Key Lab of Rare Earth Materials Chemistry and Applications,
College of Chemistry and Molecular Engineering, Peking University, Beijing 100871)

Abstract: The Demko-Sharpless’ is a very effective method for synthesis of the tetrazole compounds. Using this
method, two coordination polymers have been obtained using solvent thermal reactions, and characterized
structurally and magnetically. The 2D layer 1, Cos(3-ptz)4(N3)2(H,0),+4H,0 is consisted of 1D azido-bridged Co**
chains linked through the coordinated Co?** building block. The 3D network 2, Mn;(3-ptz),(N3),(H,0) -0.5H,0 is
consisted with complicated 2D azido-bridged Mn** layers pillared by bridge ligands. The excessive azide ions in the
reaction adopt u-1,1, u-1,3 modes in 1 and p-1,1, u-1,3, u-1,1,3 modes in 2, bridge the neighboring metal ions and
transmit magnetic couplings. The 3-(pyridinyl)tetrazole anion, which is the production of the Demko-Sharpless’
reaction, bridges with bidentate and tridentate mode in 1, with tridentate and pentadentate mode in 2. They not only

bridge the metal ions, but also transmit magnetic couplings along with azide ions. CCDC: 687278, 1; 687279, 2.
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Tetraozle function groups are widely used in
coordination chemistry because of their wonderful
coordination ability and various bridging modes. Plenty
of coordination polymers with intriguing crystal

structures and interesting physical properties have been

Wk B 41.2008-05-13, Wt ki H 41.2008-06-26,

synthesized using tetrazole derivations. The application
value of them in materials with ferroelectricity,
fluorescent  properties, optical properties, SHG
properties and high energy densities makes it still an

attractive research field" . But the main deficient in
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synthesis is the complicated and toxic approaches. A
brand new period is start from the Demko-Sharpless’

¥ This in situ

reaction that was reported in 2001P
reaction becomes the safest and mildest method to
obtain high quality crystals of coordination polymers
containing S-substituted 1H-tetrazole ligand in ordinary
hydrothermal conditions!"*'". The most remarkable char-
acteristic of Demko-Sharpless’ reaction is that it
provides possibility to obtain extremely novel compou-
nds in the [3 +2] formation process, that are rarely
obtained in normal experiments. Take tatrazole anion
for instance, it could offer all four nitrogen atoms to
coordinate. When combined with other substitute
function groups such as pyridine rings, the tetrazole
derivation compound becomes a powerful bridge ligand.

Much attention has been focus on the synthesis
and investigation of metal-organic frameworks obtained
by this method with certain transition metal centers,
such as Zn**, Cd**, Cu?, Mn% Ag* and so on!?™". The
fabulous coordination ability of them along with multi
coordination modes of tetrazole derivations result a lot
of novel crystal structures. Most of these compounds
consist of an extended 2D or 3D structure™. However,
only a few paramagnetic transition metal ions have been
investigated in such method to obtain magnetic coor-
dination polymers™\. It's attractive for us to seek the
magnetic properties of a compound with such

complicated structure. In this context, we design two

compounds and obtain by Demko-Sharpless’ reaction,
Coj; (3-ptz), (N3)2 (H,0), +4H,0 (1) and Mn; (3-ptz), (N3)y
(H,0)-0.5H,0 (2) (3-ptz=3-(pyridinyl)tetrazole), with 2D
and 3D structures, respectively. The 3-(pyridinyl)
tetrazole anions act as bidentate and tridentate bridges
in 1, and pentadentate and tridentate bridge in 2. A
rational design is to use excessive ratio of azide ions
which act as short bridge adopt p-1,1, p-1,3, and u-
1,1,3 modes to bridge, transmit magnetic couplings

effectively between metal ions.
1 Experimental procedures

1.1 Materials and apparatus

All starting materials were commercially available,
reagents of analytical grade and were used without
further purification. Elemental analyses were carried
out using an Elementary Vario EL analezer.

Crystallographic data of 1 and 2 were collected at
293 K on a Nonius k-CCD diffractometer. Empirical
absorption corrections were applied using Sortav
program. The structure was solved by the direct method
and refined using the SHELX-97 program. Full-matrix
least-squares method on F? with anisotropy thermal
parameters had been used for all non-hydrogen atoms.
Hydrogen atoms are placed by the calculated positions,
and refined isotropically™?\. Crystallographic data and
structure refinement results are summarized in Table 1.

CCDC: 687278, 1; 687279, 2.

Table 1 Crystallographic data and structure refinement results for 1-Co and 2-Mn

Compound 1-Co 2-Mn
Formula CosH3Co3N»0Os CH i Mn;N»O, 5
Formula weight 961.52 652.19
Crystal system Monoclinic Orthorhombic
Space group P2/n Pbea

A 2 8

a/nm 0.866 11(2) 1.523 12(3)
b/ nm 0.811 58(2) 1.347 93(3)
¢/ nm 2.689 80(9) 2.623 54(6)
B1(°) 96.7060(8)

VI nm? 1.877 7(7) 5.385 1(1)
D./ (g-ecm™) 1.669 1.591

w/ mm™ 1.387 1.439

Reflections collected / Unique (R;,)

Data / restraints / parameters

17 738 / 3 276 (0.125 2)
3276 /0 /267

8 954 /4730 (0.074 1)

4730/0 /349
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Table 1

Final R indices [[>20(1)]
R indices (all data)

R=0.078 5, wR,"'=0.207 3
R=0.141 5, wR,=0.246 3
GOF 1.013

R=0.048 9, wR,=0.118 5
R=0.119 3, wR,=0.135 6
0.909

R =S NEJ-IFIE,; " wR={ 3 [w(F~F2 X [w(F)"

Magnetic data of the compounds were obtained on
a Quantum Design MPMS-XL5 SQUID system. The
experimental susceptibility was corrected for diamag-
netism (Pascal’s tables)!.
1.2 Preparation of Cos(3-ptz),(Ns),(H,0),-4H,0

1)

A methanol solution (3 mL) of Co(NOs), (0.5 mmol)
and NalNj
solution (6 mL) of 3-cyanopyridine (0.5 mmol). After

(2.0 mmol) was mixed with a methanol

heating at 130 °C for 3 days, the mixture was cooling to
the room temperature slowly. Red crystals with needle
shape of 1 were obtained and separated manually (yield
10%). TR/em ™ 3 320b,m, 2 930b,w, 2 140s, 2 120s,
2070s, 1620w, 1 590w, 1 430w, 1 370w, 1 360w, 1 270w,
1 200w, 1 060w, 1 020w, 814w, 769w, 758w, 739w,
710w, 700w, 677w cm . Elemental anal. Caled for
CH3NxOsCos (%): C, 29.97; N, 37.87; H, 3.77. Found
(%): C, 30.36; N, 37.08; H, 3.39.
1.3 Preparation of Mn;(3-ptz),(N;),(H,O)-0.5H,0

(2)

An aqueous solution (4 mL) of MnCl, (0.5 mmol)
and NaN;
solution (2 mL) of 3-cyanopyridine (0.5 mmol). With the

(2.0 mmol) was mixed with a methanol

same experimental procedures with 1, needle shaped,
yellow crystals of 2 were obtained (yield 60%). TR/cm™:
3450m, 3 380m, 3 330m, 2 120s, 2 070s, 1 620w, 1 460
w, 1430m, 1 370w, 1 330w, 1 280w, 1 130w, 1 030w, 818
w, 756w, 706w, 660w. Caled for C,H;N»O,sMn;  (%):
C, 22.09; N, 47.25; H, 1.68. Found (%): C, 21.92; N,
47.74; H, 2.08.

CAUTION: Although not encountered in our
experiment, azido salts and complexes of metal ions are
potentially explosive. Only a small amount of materials

should be prepared, and handled with care.
2 Results and discussions

In this reaction, tetrazole rings of 3-(pyridinyl)

tetrazole anions are formed. It act bridge ligands with

bidentate, tridentate and pentadentate modes while
coordinate. In order to introduce azide ions to
coordinate as the co-ligand and transmit magnetic
couplings, excessive reagent sodium azide are added
four times to the metal ions. This strategy has been used
before™. Both the tetrazole rings and the azide ions
have various coordination modes. The combination of
azide ions and 3-(pyridinyl)tetrazole results in two
coordination polymers with extremely complicated net
structures.
2.1 Crystal structure

Compound 1. 1 crystallizes in the monoclinic
space group P2/n. The symmetrical unit consists of two
octahedrally coordinated Co** ions, as shown in Fig.1
and Fig.2. The geometries of them are listed in Table 2.
The crystal structure of 1 can be divided into two
individual parts: the azido-bridged Co(1)** 1D chain and
the coordinated Co(2)** bridge building block L. Both of
them contain 3-(pyridinyl)tetrazole anions as bridge
ligands, which acts as tridentate bridge ligand in
the azido-bridged Co(1)** chain, and acts as bidentate
bridge ligand in the coordinated bridge building block
L. The connection between these two parts constructs a

2D layer.

Fig.1 Coordination environment of 1

The azido-bridged Co(1)** 1D chain is constructed
by EE and EO mode azide ions, tridentate 3-(pyridinyl)

tetrazole and Co(1)* inos. Each Co* ion has a distorted

octahedral symmetry. The equatorial positions of the
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Azido-bridged Co?** chain

Fig.2 Two parts of the 2D layer of 1

Table 2 Selected bond lengths (nm) and angles (°) for 1-Co

Co(1)-0(2)" 0.207 2(6) Co(2)-N(4)
Co(1)-0(2) 0.207 2(6) Co(2)-N(10)
Co(1)-0(1)" 0.212 9(6) N(10)-Co(2)"
Co(1)-0(1) 0.212 9(6) N(9)-Co(2)"
Co(1)-N(1) 0.214 2(6) Co(2)-N(©9)"

N(3)-N(4)-Co(2) 122.9(5) N(83)-Co(2)-N(9)"

0(2)a-Co(1)-0(2) 180.0(3) N(©)b-Co(2)-N(13)

0(2)a-Co(1)-0(1y" 88.2(2) N(14)-N(13)-Co(2)
0(2)-Co(1)-0(1)" 91.8(2) N(11)-N(10)-Co(2)

0.211 3(6) Co(1)-N(1y* 0.214 2(6)
0.212 7(5) Co(2)-N(8) 0.214 5(6)
0.212 7(5) Co(2)-N(13) 0.223 9(6)
0.218 2(7) Co(2)-N(83) 0.217 6(6)
0.218 2(7)
87.8(2) N(10)-Co(2)-N(9)" 84.6(2)
91.6(2) N(8)-Co(2)-N(9)" 89.0(2)
131.2(5) C(12)-N(9)-Co(2)" 140.5(5)
124.9(2) N(8)-N(9)-Co(2)" 114.4(4)

St l, —y+1, —z4 1 P w4112, y, —243/2; © —x=1/2, y, —z+3/2.

Co® ion are occupied by four nitrogen atoms from three
tetrazole rings and one azide ion, and the axial positions
of the Co** ion are coordinated with two nitrogen atoms
from azide ion and 3-pyridinyl ring. The neighboring
Co(1)** ions are connected through EO azide ions and
dual bidentate tetrazole rings into dimers as shown in
Fig.1, with the distance ColA---Co1B=0.348 7 nm. The
neighboring dimers are linked through one EE azide ion
and two bidentate 3-(pyridinyl)tetrazole anions as
bridge ligands, and are extended into 1D chain along a
axis as shown in Fig.2. The nearest distance between
neighboring dimers is ColB:-- Co1C=0.574 0 nm, the
Co-N_iae-Noi angles are of 131.24°, the torsion angle of
the EE azide ion is of 79.60°. Thus, the azido-bridged

Co** 1D chains own alternate arrangement of EE/EO

azido linkages, along with the corresponding tetrazole/
3-(pyridinyl)tetrazole alternate arrangement. This kind
of 1D structure has been observed in a Cd** complex
before™. However, in Cd** complex, the 1D chain is
twisted into a channel. Been occupied by azide ions and
a 3-(pyridinyl)tetrazole ligand with five coordination
positions, the remaining one coordination position is
linked to the second crystallographically independent
Co** ion through another part of 3-(pyridinyl)tetrazole
ligands, which will be described later.

The second crystallographically independent Co**
ion locates between neighboring chains. It is
equatorially coordinated with four oxygen atoms from
water molecules and axially coordinated with two

pyridine nitrogen atoms of the bridge ligand 3-
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(pyridinyl)tetrazole. The coordination of Co(2)** and two
3-(pyridinyl)tetrazole ligands makes them become a
brand new bridge ligand as a coordinated building
block L that connects neighboring azido-bridged Co(1)*
chains into a 2D layer. In contrast to the tridentate 3-
(pyridinyl)tetrazole ligands in azido-bridged chain, the
3-(pyridinyl)tetrazole ligand in this L only acts as
bidentate ligand, and it uses only one tetrazole nitrogen
atom to coordinate with Co(1) and one pyridine nitrogen
atom to coordinate with Co (2). The distance between
Co(1) and Co(2) is 0.855 3 nm. The nearest distance
between neighboring chains is ColA --- ColD=1.453 2
nm. The distance between Co**
through the coordinated building block is ColA ---
ColE =1.710 6 nm, while it is only the third nearest

ions which are linked

distance between the Co®* ions on neighboring chains.
This is mainly because its coordination points are on
the slightly inboard side as shown in Fig.2, which
enables L a distorted coordinate configuration. Besides,
the rigid fragment and large volume results a large
steric hindrance, which makes it lies inclined to the
chains and connects the metal ions only with suitable
distances.

The connection of L. among chains results in a
fluctuant 2D layer as the cross section shown in Fig.3.
H-bond has been discovered inside the 2D layer, with
the geometry of O---N=0.268 5 nm, O-H---N=133.22°.

As shown in Fig.3, the neighboring 2D layers are

stacked by H-bond with the distance O --- N=0.267 9
nm, the angle O-H---N=99.83°. The nearest distance

of Co’* ions among neighboring layers is Col---Col=

0.811 6 nm, and the value of Co2--:-Co2 is 0.811 6 nm.

Fig.3  Packing plot of 1

Compound 2. 2 crystalizes in the orthorhombic
space group Pbca. It consists of 2D azido-bridged Mn?*
ions with 3-(pyridinyl)tetrazole anion acting as pent-
adentate co-ligands. Besides, the 3-(pyridinyl)tetrazole
anion acting as the tridentate bridge ligands and pillars
the neighboring 2D layers into 3D frameworks. The
geometries of them are listed in Table 3.

The structure of 2D azido-bridged Mn** layer is
complicated. There are three crystallographically inde-
pendent Mn** ions existent in the symmetrical unit. Each
of the Mn* ions is coordinated octahedrally. Mn(1)* is
coordinated by six nitrogen atoms, with three azide

nitrogen atoms and a tetrazole atom in equatorial

Table 3 Selected bond lengths (nm) and angles (°) for 2-Mn

Mn(3)-N(7) 0.220 1(6) Mn(1)-N(18)
Mn(3)-N(10) 0.221 2(6) Mn(1)-N(17)
Mn(3)-N(13) 0.223 5(6) Mn(1)-N(22)
Mn(3)-0(1) 0.223 5(5) N(15)-Mn(2)’
Mn(3)-N@3)" 0.223 5(6) N(6)-Mn(1)"
Mn(3)-N(16)" 0.229 0(5) Mn(1)-N(6)
N(7)-Mn(3)-N(3)* 91.6(2) N(22)-Mn(1)-N(1)
N(10)-Mn(3)-N(3)" 90.4(2) C€(22)-N(15)-Mn(2)"
O(1)-Mn(3)- () 175.9(2) N(17)-N(16)-Mn(3)¢
N(7)-Mn(3)-N(16)" 84.4(2) N(15)-N(16)-Mn(3)¢
N(10)-Mn(3)- (16)‘ 853(2) N(6)c-Mn(1)-N(22)
N(13)-Mn(3)-N(16)" 170.8(2) N(10)d-Mn(1)-N(22)

0.224 1(6) N(10)-Mn(1)" 0.217 8(6)
0.225 5(5) N(16)-Mn(3)’ 0.229 0(5)
0.229 3(6) N(3)-Mn(3)c 0.223 5(6)
0.226 2(6) Mn(1)-N(10)’ 0.217 8(6)
0.211 9(6) Mn(2)-N(15)" 0.226 2(6)
0.211 9(6) Mn(2)-N(19) 0.227 9(5)
5.12(19) N(6)c-Mn(1)-N(17) 176.5(2)
139.6(4) C(6)-N(13)-Mn(3) 126.2(5)
121.1(4) N(7)-Mn(2)-N(15)" 88.02)
126.0(4) N(1)-Mn(2)-N(15)" 97.2(2)
94.5(2) 0(1)-Mn(3)-N(16)° 80.21(18)
89.7(2) N(3)a-Mn(3)-N(16)" 98.1(2)

=172, y, —z+1/2;

bt 1/2, y=1/12, 23 < 14112, y, —z4+1/2; ¢ —a+1/2, y+1/2, 2.
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position, and two nitrogen atoms from tetrazole and
pyridine in the axial position. The central ion Mn(2)**
locates in an important position; it is connected with
Mn (1)** ions through two tetrazoles and an EO azide
bridge as labeled MnlA and MnlB in Fig.4. Besides,
Mn (2)** ion is connected with Mn (3) ion through a
tetrazole and an EO azide ion, and is connected with
next neighbor-ing Mn(3)** ion with EE azide ions as
labeled Mn2A and Mn3B. Thus, Mn (2) is surrounded
by three azide ions and three tetrazole rings in the
octahedral geometry. The distance between neighboring
Mn (2) and Mn (1) is 0.3702 nm. As shown in Fig.4,
Mn(3) is connected with neighboring Mn(1) and Mn(2)
through EO azide ions, and is connected with next
neighboring Mn(1) and Mn(2) ions with u-1,1,3 azide
ion. The geometry is Mn3---Mn1=0.381 2 nm, Mn3---
Mn2 =0.380 1 nm, the angle Mn3-N-Mnl =120.53°,
Mn3-N-Mn2=119.33°, which has large values. Besides,
Mn(3) is connected with Mn(1) and Mn(2) ions in the
neighboring 2D layer through the tridentate bridge
ligand with a 3-(pyridinyl)tetrazole which is pillared

between layers. The rest coordinating position of Mn(3)

g
g N12B
— 2 S AN y
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Fig.4 Coordination environment of Mn* ions and the

perspective view of eight member ring of 2

is occupied by an oxygen atom from water molecule.
Thus, the equatorial position of Mn(3) is occupied by
four nitrogen atoms from two azide ions, pyridine and
tetrazole rings, and the axial position is occupied by an
oxygen atom from water molecule and a nitrogen atom
from azide ions. While coordinating to the Mn ions, the
3-(pyridinyl)tetrazole acts as a pentadentate bridge
ligand that uses tetrazole ring to connect with four Mn
ions around it, and uses 3-pyridine nitrogen to connect
with the fifth Mn®* ion. Along with the other three
neighboring Mn** ions connecting through azide ion,
they form an eight member ring which are the repeating
unit of the 2D layer. The topology of 2 is shown in Fig.
5. The three independent Mn** ions are arranged in a
regular sequence and constructed a (6, 3) topology. The
two of separated Mn** ions are also connected through
azide ions, which are labeled Mn3B and Mn2A in Fig.4.
It could also be considered that this 2D layer is the
tessellation of hexagons and tetragons, as divided by the

broken line in Fig.4.

Fig.5 Perspective view of 2D layer of 2

As is mentioned above, the Mn(3)* ions are conne-
cted through tridentate 3-(pyridinyl)tetrazole anion with
Mn(1) and Mn(2) in the neighboring layer. The nearest
distance between neighboring layers is Mn3 --- Mnl =
0.845 6 nm. The connection between neighboring layers
along ac planes are shown in Fig.6. The 3-(pyridinyl)
tetrazole anion is sketched in tridentate pillar with the
bidentate end representing tetrazole rings and the other
end representing pyridine. The dark gray net represents
the cross sections of 2D Mn* layers. One detailed struc-
ture of the 3-(pyridinyl)tetrazole ligand has been repres-

ented in Fig.6. H-bonds are observed between coor-
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dinated water molecules and dissociated water mole-

cules.

Fig.6  Perspective view of the connection between 2D

layers of 2 along the ac plane

2.2 Magnetic properties

Compound 1. The magnetic data of 1 were mea-
sured under 1 kOe in the range of 2~300 K, and plotted
asx~'vs T and yyT vs T in Fig.7. The room temperature
value of yyT is equal to 3.4 cm®-mol ™ - K, higher than
spin-only value for an uncoupled S=3/2 ion. The plot of
xul exhibits a slight decrease upon cooling from room
temperature, and rise up below 30 K, and reaches an
apex around 3 K. The magnetic susceptibility above
100K obeys the Curie-Weiss law (yy=C/(T-80)), with C of
the 3.3 e¢m?® *mol ! K and 6 of -3.1 K. The Curie
constant is much larger than expected, indicating the
orbital contribution of Co®* ions, while the very small
and negative 0 suggests a very weak coupling or a
possible ferromagnetic interaction. The increase of yyT’
below 30 K confirms the ferromagnetic interaction

between Co? ions.
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Fig.7 Thermal variation of yT vs T and y," vs T for 1

The field dependent magnetization has been
measured at 2 K, as shown in the inner plot. The
magnetization increases rapidly for spontaneous along
the field and reaches 2.3NB at 50 kOe, close to the
expected saturated value per Co™ unit.

According to the crystal structure of 1, the
magnetic properties should be attributed to the
competition  between  antiferromagnetic  coupling
transmitted by EE mode azide ions, the nitrogen atoms
of tetrazole rings and ferromagnetic coupling
transmitted by EO mode azide ion. In the azido-bridged
1D chain of 1, the EO azide ions connect two
neighboring Co ions into dimer along with two tetrazole
rings. While EE azide ions connect dimmers into 1D
chain and form a magnetic structure with AF-FM-AF-
FM alternatively. The competition between FM and AF
couplings are existed along the chain, and the resulting
dominant magnetic coupling is ferromagnetic. Although
the 1D azido-bridged Co?* band is connected by the
conjugate ligand system and mononuclear Co** ion, the
magnetic coupling hasn’ t spread along 2D. No long
range order has been observed above 2 K. While
because of the appearance of the apex on yyT curve,
phase transition should appear below it.

Compound 2. As shown in Fig.8, the magnetic
susceptibility of 2 has been measured in the range of 2~
300 K under 1 kOe. The room temperature value of yuI'
is equal to 3.7 em® -mol ™ <K, it exhibits a gradually
reduce upon further cooling. The Curie-Weiss fit of data
above 50 K give the C of 4.36 ¢cm’+mol™-K per and 6 of
-54.1 K. The value of C and yyT" are comparable to the

spin-only value for Mn?*, the big negative value of 6
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indicates the strong antiferromagnetic coupling. No long

range order of 2 has been observed above 2 K.
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Fig.8 Thermal variation of yyT vs T and yy™" vs T for 2

The isothermal magnetization of 2 was measured at
2 K (Fig.8). The molar magnetization curve exhibit a
quickly increase below 1 kOe, and then follows a
linearly increases till 50 kOe with the effective moment
of 0.68NB, which is far from the expected saturate value
per unit Mn* ion with S=5/2 owing to the existence of
strong antiferromagnetic interaction.

According to the crystal structure, the magnetic
couplings between Mn”* ions are transmitted by three
routes, EO and EE azide ions and the nitrogen atoms on
tetrazole rings. As mentioned in the crystal structure, in
the dimers bridged by EO azide, the Mn-N-Mn angle
has very large values which are exceeded than the
critical value 104° and reach the antiferromagnetic
coupling region . Thus, all the azide ions transmit
antiferromagnetic couplings and the tetrazole rings also
transmit somewhat antiferromagnetic couplings too.
These routes of couplings interpret the strong couplings

between Mn* ions revealed in the measurements.
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