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The crystal structure of the title compound, [Co(NO3)-

(C10H9N3)2]NO3, consists of mononuclear cations and unco-

ordinated nitrate anions held together by means of an

extensive three-dimensional network of NÐH� � �O and CÐ

H� � �O hydrogen bonds. The CoII centre has a distorted

octahedral geometry, coordinated with two O atoms of a

bidentate nitrate ligand and with four pyridine N atoms of two

bis(2-pyridyl)amine ligands in a trans±trans mode.

Comment

During our studies of ®rst-row transition metal complexes

with N-donor aromatic ligands (Castillo et al., 2001; Castillo et

al., 2000), we have obtained the compound bis[bis(2-

pyridyl)amine-N,N0](nitrato-O,O0)cobalt(II) nitrate, (I).

Ligands containing aromatic nitrogen heterocycles play an

important role in the molecular self-assembling process that

leads to supramolecular architectures (Jones, 1998). The

crystal structure of (I) comprises discrete [Co(NO3)-

(C10H9N3)2]+ cations and NO3
ÿ anions. The CoII centre is six-

coordinated by four pyridine N atoms of two bis(2-pyridyl)-

amine moieties and by two O atoms of a bidentate nitrate

anion, as shown in Fig. 1. The bidentate bis(2-pyridyl)amine

ligands chelate the CoII atom to form two six-membered

coordination rings. The CoÐN bond distances range from

1.935 (2) to 1.947 (2) AÊ . The pyridine rings in the same ligand

are in the normal trans±trans mode (Du et al., 2001) and the

dihedral angles are 27.7 (1) and 37.4 (1)�, respectively. The

nitrate ligand is coordinated with two essentially equivalent

CoÐO bond distances, 1.907 (2) and 1.909 (2) AÊ . The main

distortion of the octahedral geometry is due to the small OÐ

CoÐO bite angle [69.15 (9)�] of the bidentate nitrate anion.

The NÐO bond distance involving the uncoordinated O atom

of the nitrato ligand is signi®cantly shorter than those for the

coordinated O atoms, but is similar to those of the nitrate

anion.
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In the crystal structure of (I), the cations and nitrate anions

are held together by means of an extensive network of NÐ

H� � �O and CÐH� � �O hydrogen bonds (Fig. 2).

Experimental

An aqueous solution (30 ml) of bis(2-pyridyl)amine (0.340 g,

2.0 mmol) was added slowly to an aqueous solution (30 ml) of

Co(NO3)2.6H2O (0.290 g, 1.0 mmol) with vigorous stirring. The

resulting solution was ®ltered off to remove impurities and then

allowed to stand at room temperature. After two weeks, red crystals

were harvested by slow evaporation of the solvent. Crystals were

found to be stable to air and X-ray exposure.

Crystal data

[Co(NO3)(C10H9N3)2]NO3

Mr = 525.35
Monoclinic, P21/n
a = 17.191 (3) AÊ

b = 7.308 (1) AÊ

c = 17.843 (5) AÊ

� = 104.94 (3)�

V = 2165.9 (8) AÊ 3

Z = 4
Dx = 1.611 Mg mÿ3

Dm = 1.62 (1) Mg mÿ3

Dm measured by ¯otation in a
mixture of carbon tetrachloride
and bromoform

Mo K� radiation
Cell parameters from 14 084

re¯ections
� = 2.5±25.8�

� = 0.85 mmÿ1

T = 293 (2) K
Irregular, red
0.42 � 0.20 � 0.08 mm

Data collection

Stoe IPDS diffractometer
Area-detector (') scans
Absorption correction: numerical

(Stoe & Cie, 1998)
Tmin = 0.815, Tmax = 0.934

14 084 measured re¯ections
4037 independent re¯ections

2598 re¯ections with I > 2�(I)
Rint = 0.048
�max = 25.8�

h = ÿ21! 20
k = ÿ8! 8
l = ÿ21! 21

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.034
wR(F 2) = 0.079
S = 1.04
4037 re¯ections
324 parameters

H atoms treated by a mixture of
independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0787P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max = 0.002
��max = 0.37 e AÊ ÿ3

��min = ÿ0.52 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

Co1ÐO1 1.909 (2)
Co1ÐO2 1.907 (2)
Co1ÐN11 1.935 (2)
Co1ÐN19 1.947 (2)
Co1ÐN21 1.935 (2)
Co1ÐN29 1.935 (2)

O1ÐN1 1.335 (4)
O2ÐN1 1.337 (4)
O3ÐN1 1.216 (4)
O4ÐN2 1.246 (4)
O5ÐN2 1.215 (4)
O6ÐN2 1.213 (4)

O1ÐCo1ÐO2 69.15 (9)
O1ÐCo1ÐN11 88.41 (9)
O1ÐCo1ÐN19 165.50 (9)
O1ÐCo1ÐN21 99.81 (9)
O1ÐCo1ÐN29 86.31 (9)
O2ÐCo1ÐN11 88.49 (9)
O2ÐCo1ÐN19 96.38 (9)
O2ÐCo1ÐN21 168.95 (9)
O2ÐCo1ÐN29 90.37 (9)
N11ÐCo1ÐN19 90.37 (9)
N11ÐCo1ÐN21 91.61 (9)

N11ÐCo1ÐN29 174.66 (9)
N19ÐCo1ÐN21 94.67 (9)
N19ÐCo1ÐN29 94.94 (9)
N21ÐCo1ÐN29 88.51 (9)
O1ÐN1ÐO2 108.3 (3)
O1ÐN1ÐO3 126.1 (3)
O2ÐN1ÐO3 125.6 (3)
O4ÐN2ÐO6 120.7 (3)
O4ÐN2ÐO5 119.7 (3)
O5ÐN2ÐO6 119.6 (3)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N17ÐH17� � �O2i 0.78 (3) 2.15 (3) 2.884 (3) 157 (3)
N27ÐH27� � �O4ii 0.84 (3) 2.00 (3) 2.842 (4) 179 (3)
C13ÐH13� � �O1iii 0.93 2.57 3.400 (4) 149
C14ÐH14� � �O5iv 0.93 2.57 3.404 (5) 148
C22ÐH22� � �O3v 0.93 2.35 3.224 (4) 157
C110ÐH110� � �O6vi 0.93 2.51 3.418 (4) 167
C113ÐH113� � �O3i 0.93 2.44 3.343 (4) 163
C211ÐH211� � �O6vii 0.93 2.40 3.324 (4) 171

Symmetry codes: (i) ÿx; 2ÿ y;ÿz; (ii) x; 1� y; z; (iii) 1
2ÿ x; yÿ 1

2;
1
2ÿ z; (iv)

1
2ÿ x; 1

2� y; 1
2ÿ z; (v) x; yÿ 1; z; (vi) 1ÿ x; 1ÿ y;ÿz; (vii) xÿ 1

2;
3
2ÿ y; zÿ 1

2.

H atoms bonded to C atoms were kept ®xed at calculated positions

with Uiso 20% larger than Ueq for the atoms to which they are
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Figure 2
Packing diagram of (I). Dotted lines show hydrogen bonds. H atoms have
been omitted for clarity.

Figure 1
The asymmetric unit of (I) with 50% probability displacements ellipsoids.
H atoms have been omitted for clarity.
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attached. H atoms bonded to N atoms were located in difference

Fourier maps and re®ned isotropically.

Data collection: IPDS Software (Stoe & Cie, 1998); cell re®ne-

ment: IPDS Software; data reduction: IPDS Software; program(s)

used to solve structure: SIR92 (Altomare et al., 1993); program(s)

used to re®ne structure: SHELXL93 (Sheldrick, 1993); molecular

graphics: ORTEP-3 (Farrugia, 1997); software used to prepare

material for publication: WinGX (Farrugia, 1999).
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