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The structure of a 1:2 complex of manganese(I1) azide with pyridine has been
determined by X-ray crystallography. The crystals are tetragonal and belong to the
space group I 4Ja, with a = 1551.7(4), c = 1003.1(1) pm and Z = 8. The structure
has been refined to R = 0.67 for 1152 observed MoKa diffractometer data. The
manganese atom is octahedrally coordinated by six ligand nitrogen atoms at di-
stances of 219.5(5), 221.7(4) and 225.9(3) pm. These octahedra are linked together
by the p(1,3)-azido ligands to form a three dimensional network. The azide groups
are almost linear and appear to be symmetrical, the N-N distances being 115.1(6)
and 117.0(5) pm. The symmetry of the azido ligands is confirmed by disappearance
of the v"N3 mode from the infrared spectrum.

INTRODUCTION

Since 1964when the first structural investigation of an azide complex was car-
ried out on the azidopentammincobalt(III) complex Co(NH3)5(N3?+ 1, a lot of
structural information on the azido complexes has been accumulated. These struc-
tural determinations revealed the variable manner of azide ligand binding giving rise
to different modes of bonding, including the end-on bridging=" and end-to-end brid-
ging9-15 modes.

We recently established, as part of our continuing study of metal pseudohalide
complexes of substituted pyridines, that some manganese(II) azide complexes of
such ligands possess end-to-end bridging azido groups on the basis of their infrared
spectral data·16 As far as we know, there are only two manganese(II) azide complexes
[(CO)3Mn(N3)3Mn(CO)3]-17 and [Mn(N3)]4-18that have been studied by means of
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X-ray single crystal analysis. In the carbonyl compound the three azide groups ope-
rate as ,u(l,l)-bridging liga nds whereas non-bridging azide groups are observed in
the second compound.

EXPERIMENT AL

Preparation
An ethanolic solutian (10 cm3) of pyridine (0.79 g, 10 mmol) was added to MnCl2·4H20

(0.591 g, 3 mmol) dissolved in 20 cm3 water and mixed thoroughly. An aqueous salu tian of
NaN3 (0.357 g, ca 5.5 mmol in 10 cm3 water) was added in partions with thorough shaking
after each addition. The final clear salu tian was kept in a dark place over several days to produce
the complex as colourless crystals, together with same brown powder.l"

Since the transparent crystals turn opaque in the air, it is convenient to stare thern in the
mother liquor in sea led ampules and filter just before each measurement.

Anal. Calcd. for Cl0HlONsMn (Mr = 297.18): C 40.42, H 3.40, N 37.70, Mn 18.48%; found:
C 40.52, H 3.63, N 37.83, Mn 18.52%. Physical measurements were carried out as described
previously."

X-ray Structure Analysis
Asingle crystal of dimensions ca. 0.19xO.20xO.23 mnr' was centered on a modified STOE

four circle diffractometer. After refinement of the cetl parameters using diffractometer angles
of 98 ret1ections, the intensity data were collected and processed in the usual way (LP-factar,
no absorption correction). Experimental data and parameters are summarized in Table r.

Experimental parameters and data

TABLE I

Formula
CeH constants

Z
Density (calcd.)
Space group
Radiatian
Absorption coefficient
F(OOO)
Scan mode
CoHection range
Temperature
Unique data measured
Observed data [Fo ~4a(Fo)]
Number of variables
R = LIFol- iFc 1!LIFol
ti; = [Lw(iFol- IFcll!LwIFoI2]112

Weighting scheme

Mn(py)z(N3)z, ClOI-hoN8Mn
a = 1551.7(4) pm,
c = 1003.1(1) pm,
V = 2415.2x106 prrr',
8
1.634 Mgm'
141/a (No. 88, second setting)
MoKa, ). = 71.069 pm
1.02 mm'
1208
w-scan, /}.w = 1.4°
2emax = 65°; h, k, 1: O, O, 0/23, 23, 15
295 K
2186
1152
102
0.067
0.054
1.439aOz(Fo)
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TABLE II

Atomic coordinates (x 104) and isotropic displacement parameters (pm2 x 10-1).

Atom xla ylb z/c U or Ueq

Mn O O O 24(1)*
N11 448(3) 836(3) 1624(4) 44(2)*
N12 1041(2) 1109(2) 2169(3) 30(2)*
N13 1621(2) 1388(3) 2776(4) 44(2)*
NI 1727(2) 3286(2) 3971(3) 30(2)*
Cl 2088(3) 3773(3) 4904(5) 37(2)*
C2 1621(3) 4233(3) 5822(5) 45(3)*
C3 739(3) 4198(3) 5769(5) 47(3)*
C4 360 (3) 3707(3) 4812(5) 44(3)*
C5 869(3) 3261(3) 3927(5) 35(3)*
HI 2783 3809 4944 72(16)
H2 1942 4616 6572 56(15)
H3 352 4553 6475 74(18)
H4 -334 3667 4746 113(23)
H5 562 2875 3168 88(20)

Asterisks indicate the equivalent isotropic displacement factor Ueq defined as 1/3 of the
trace of the ortogonalized U matrix, The exponent of the isotropic displacement factor takes
the form - 8n2Usin2e/},2.

Space group and lattice constants gave evidence of isomorphy to the crystal structure of
the Cd(py)z(N3)2 cornplex.'" Therefore, the atomic coordinates of the cadmium cornpound were
uscd as starting values for the structure refinement. Anisatropic displacement pararneters were
applied to the Mn, C, and N atoms in full-matrix least-squares refinements. The JI atoms were
geometrically generated and assigned with isotropic displacement parameters in the final re-
finement cycles.

TABLE III

Selected bond distances (pm) and bond angles (deg)

Mn-N11
Mn-N13
Mn-Nl
NIl-NI2
N12-N13
NI-Cl
N1-C5
C1-C2
C2-C3
C3-C4
C4-C5

219.5(5) 2x
221.7(4) 2x
225.9(3) 2x
115.1(6)
117.0(5)
132.7(6)
133.3(6)
137.2(7)
137.1(7)
135.9(7)
137.5(7)

N11-Mn-N13
N11-Mn-N1
N13-Mn-N1
NIl-NI2-N13
Mn-NIl-NI2
Mn-N13-N12
C5- NI-Cl
NI-C1-C2
C1-C2-C3
C2-C3-C4
C3-C4-C5
C4-C5-N1

91.4(2) 2x and 88.6(2) 2x
90.0(1) 2x and 89.9(2) 2x
90.7(1) 2x and 89.3(}) 2x

176.9(4)
145.4(4)
134.1(3)
117.5(4)
123.1(4)
118.7(4)
118.8(4)
119.3(4)
122.5(4)
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H3

Figure 1. A perspective view of the coordination geometry about the Mn(II) ion in
[Mn(pY)2(N3)2].Thermal ellipsoids of the C, N and Mn atoms are drawn at the 50% level.
Unlabelled atoms are related by a center of inversion at the metal site.

The SHELX-7619 and THE XRAY-SYSTEM20 programs were used for computations,
which were carried out on a UNlVAC 1100/81 computer at the Rechnenzentrurn Graz. Ana-
lytical expressions of neutral-atom scattering factors were ernployed, and anornalous dispersion
corrections were tncorporated.i' The final positional parameters are !isted in Table II; atom
labelling follows that shown in Figure 1. Selected bond distances and bond angles are given
in Table III.

Additional material for structure determination is available from the second author on re-
quest.

DISCUSSIO OF TI-lE CRYSTAL STRUCTURE

As illustrated in Figure 1, the manganese atom in the title complex is octa he-
drally coordinated by six nitrogen atoms; four atoms are end atoms of the azide
groups and the other two nitrogen atoms belong to pyridine rings. The Mn(py)2(N3)2
complex thus contains both azido groups serving as ,u(1,3)-bridging ligands as in-
ferred from the infrared spectra." The distances from the manganese atom to ni-
trogen atoms of the azide groups are Mn-N(11) 219.5(5) pm and Mn-N(13) 221.7(4)
pm. These Mn-N distances are longer tha n the corresponding distances in
[(CO)3Mn(N3)3(CO)3]' which are variable from 206(2) to 211(2) pm.l? The three
azido groups in the latter complex, however, serve as ,u(1,3)-bridging ligands.

The present study has shown the title com~lex to be isomorphous with the cor-
responding cadmium complex: Cd(PY)2(N3)2.1 However, the Cd-N(N3) distances
of 233.6(17) and 235.2(16) pm are slightly longer than those of the Mn-N(N3) bond
lenghts (Table III). This accounts for the difference in the volume of the cadmium
ion as compared to that of the manganese ion. The same is true of the Mn-N(py)
bond lenght [225.9(3) pm] when compared with the corresponding Cd-N(py) distan-
ce of 234.9(12) pm. Taking into account the standard deviations, the N-N distances
of the azido ligands in the manganese complex [115.1(6) and 117.0(5) pm] are equal
to that in the cadmium complex [114.1(21) and 116.7(20) pm].
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The Mn-N-N angles of 145.4(4t and 134.1(3t are larger tha n those reported
for the isomorphous cadmium complex, that is 139(lt and 129(lt. The correspon-
ding values reported are generally around 120°, though they vary over a wide range,
and values even larger than those found for the manganese complex have been re-
ported for the [Ca(N3)3]- anion-? having the same ,u(1,3)-bridging azido liga nds, and
aPb(N3)2 where the azide group is strongly coordinated to more than one end.23
In the former, the corresponding values are 180.0(lt and 170.7( 4t, whereas one
value reaches 149.9(3t in the lead compound.

It is of interest to compare the five M(py)2(N3)2 complexes (M = Cu 24, Zn
25, Cd 10, Ca 26 and Mn) that have been studied by X-ray crystallography. The zinc
complex differs from other four compounds in that it contains a tetrahedral central
metal atom and the two azides serve as monodentate ligands. The common feature
of the other four complexes is the octahedral geometry around the central atom.
However, this octahedral coordination in the copper complex is achieved through
two azide groups which are crystallographically distinct with different structural en-
vironments. One azide ligand acts as a monodentate whereas the other coordinates
asymmetrically to three different metal centers.f In this respect, the copper complex
differs from both cadmium and manganese complexes having two ,u(1,3)-bridging
azido ligands.

At this point we have to mention the infrared spectruru'" of the ti tle complex.
The manganese(II) complex contains two equivalent azido liga nds, and hence we
expect asingle sharp band associated with the VasN3mode similar to that reported
for the isomorphous cadmium complex.l? In fact, the spectrum of the manganese(II)
complex shows the antisymmetric mode as a broad band centered around 2070 cm-I.
It seems, therefore, that the Vasmode is not a strong diagnosis in case of the syrn-
metrical azides. The symmetry of the azide groups in the manganese complex, as
well as other azido complexes, is strongly evidenced by the disappearence of the
stretching (vs) mode in the region 1380-1280 cm-I. In fact, for freshly prepared sam-
ples of the manganese complex, we could not detect any absorption due to the VsN3
mode in the above region. After two days, when the transparent crystals changed
to white, this mode appears as a weak band at 1320 cm-I. Its intensity increased with
time as an indication of increasing decomposition.
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SAŽETAK
Kristalna struktura polimernog di- 11(1,3)-azidodipiridinmangan(II);

[Mn(py)z(N3)z]

Mohamed. A. S. Goher i Franz A. Mautner

Kristali (1:2) kompleksa mangan(II)-azida s piridinom spadaju u tetragonsku prostornu
grupu 141Ia; a = 1551,7(4), c = 1003,1(1) pm; 2=8. Struktura je određena metodom ren-
dgenske difrakcije (MoKa); utočnjavano je 1152 opaženih refleksa do R=0,067. Atom mangana
koordiniran je oktaedarski sa šest dušikovih atoma; udaljenosti Mn-N iznose 219,5(5), 221,7(4)
i 225,9(3) pm. Oktaedri su međusobno povezani fl(1,3)-azido ligandima u trodimenzijsku
mrežu. Udaljenosti medu atomima dušika u azido-grupama iznose 115,1(6) i 117,0(5) pm.




