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Bis(2,2’-bipyridine-x*N,N’)(nitrato-xO)copper(1l)

hexafluorophosphate

The title compound, [Cu(NOs;)(C,oHgN,),]PFs, comprises
[Cu(NO3)(bpy),]" complex cations (bpy = 2,2'-bipyridine)
and uncoordinated PF,~ anions. The Cu" ion is five-
coordinated in a distorted trigonal bipyramidal fashion by
two bpy molecules and one nitrate anion, which is coordinated
in an equatorial position through one O atom at a distance of
2.148 (S)A. The two axial Cu—N distances are similar (mean =
1.981&) and are slightly shorter than the two equatorial Cu—N
bonds (mean = 2.06/3;). Longer Cu---O interactions exist
between complexes, linking them into polymeric chains.

Comment

Copper-bipyridine complexes have been proposed as catalysts
for the hydrolysis of phosphate triesters, such as those found in
toxic nerve agents (Morrow & Trogler, 1989). We report here
the crystal structure of a new copper bipyridine (bpy)
complex, namely bis(2,2'-bipyridine)nitratocopper(Il) hexa-
fluorophosphate, (D). The structure comprises
[Cu(NO;)(bpy),]" cations (Fig. 1) and PF,~ anions. The Cu"
ion is located on a general position and is coordinated in a
trigonal-bipyramidal geometry by two bipyridine ligands and
one nitrate anion (Table 1).

The pyridine rings in both the N11-C112 and N21-C212 bpy
ligands are twisted with respect to each other around the
central C—C bond, forming dihedral angles between the ring
planes of 9.7 (1) and 2.1 (1)°, respectively. The axial Cu—N11
and Cu—N21 distances are nearly equal and almost collinear
(Table 1). The angles among the axial and equatorial donor
atoms lie within the range 80.03 (13)-102.77 (13)°. The equa-
torial N18—Cul —N28 bond angle is close to an ideal angle of
120°, while the two remaining bond angles differ considerably
from the ideal trigonal angle, with one large (N28—Cul —0O1)
and one small angle (N18—Cul—O1). The Addison para-
meter (Addison et al., 1984), T = 0.603, is indicative of a
distorted trigonal bipyramid.

Longer Cu- - -O interactions are formed between complexes
[03-.-Cul' = 3.457 (3) A, symmetry code: (i) —1 + x, y, z],
linking them into polymeric chains along the a axis (Fig. 2).
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Figure 1

A view of the cationic complex in (I), showing the atom-numbering
scheme. Displacement ellipsoids are drawn at the 50% probability level
and H atoms are drawn as spheres of arbitrary radii.

Figure 2

The packing, viewed along the b axis. Thick dashed lines denote Cu- - -O
interactions linking the complexes into polymeric chains. H atoms have
been omitted.

Aromatic stacking interactions are established between the
pyridine rings of the N21-C212 bpy ligands in adjacent chains
(Fig. 3). Two different interactions are formed: centroid(N21-
C26)- - -centroid(N21-C26)" 356 A;  centroid(C27-
C212)- - -centroid(N28-C212) = 3.65A [symmetry codes: (ii)
—x, =y, 1 — z; (iii)) —x, 1 — y, 1 — z]. Further stacking
interactions exist between N11-C112 bpy ligands:
centroid(N11-C16)- - -centroid(C17-C112)" = 3.75 A [sym-
metry code: (iv) —x, 1 — y, 2 — z]. The PF4~ counter-ions are
situated in the holes generated by the packing of the cationic
complexes.

Experimental

Crystals of (I) were prepared by mixing a methanolic solution (10 ml)
of 2,2'-bipyridine (0.0937 g, 0.6 mmol) and an aqueous solution
(15 ml) of Cu(NO3),-H,O (0.1450 g, 0.6 mmol). To the resulting blue
solution, an aqueous solution (5 ml) of KPF; (0.0552 g, 0.3 mmol) was
added. After a few days, blue crystals of the title compound were
filtered off and dried in air.

Figure 3

The packing, viewed along the a axis, showing PF¢~ anions lying between
the cationic complexes. H atoms have been omitted.

Crystal data

[Cu(NOs)(CyoHgN,),]PFs
M, = 582.89
Triclinic, P1
a=7449 (1) A
b=11329 (2) A
c=14.564 (2) A
a=11127 2)°

B =99.16 (1)°
y=9852(2)° |
V =1102.0 (3) A®
zZ=2

Data collection

Oxford Diffraction Xcalibur CCD
diffractometer

w scans

Absorption correction: none

7697 measured reflections

Refinement

Refinement on F?
R[F? > 20(F%)] = 0.040
wR(F?) = 0.071
§=0.74

3894 reflections

325 parameters

D, =1.756 Mg m™>

D,, =1.75(1) Mg m™

D,,, measured by flotation in a
mixture of carbon tetrachloride
and bromoform

Mo Ko radiation

u=115mm™!

T=293(2)K

Prism, blue

0.30 x 0.20 x 0.20 mm

3894 independent reflections
1939 reflections with I > 20(1)
Rine = 0.040

Omax = 25.0°

H-atom parameters constrained

w = 1/[o*(F?) + (0.0217P)?]
where P = (F,> + 2F2)/3

(A/0) max < 0.001

APmax = 034 ¢ A3

Apmin = =032 ¢ A3

Table 1 .
Selected geometric parameters (A, °).
Cul —N11 1.979 (3)
Cul—NI18 2.092 (3)
Cul —N21 1.980 (3)
N11—Cul—N18 80.03 (13)
N21—Cul—N18 102.77 (13)
N28—Cul—N18 126.41 (11)
N11—Cul—N21 176.97 (13)
N11—Cul—N28 98.32 (12)

Cul—N28 2.025 (3)
Cul—01 2.148 (3)
N21—Cul —N28 80.99 (12)
N11—Cul—01 88.16 (1)
N18—Cul—01 92.77 (11)
N21—Cul—01 90.55 (12)
N28—Cul—O1 140.81 (11)

H atoms were included at calculated positions and treated as riding
atoms [C—H = 0.93A and Uiso(H) = 1.2U(C)]. The relatively large
displacement parameters for atoms O2 and O3 suggest minor
disorder for the nitrate anion; this was not modelled.

Data collection: CrysAlis CCD (Oxford Diffraction, 2003); cell
refinement: CrysAlis CCD; data reduction: CrysAlis RED (Oxford
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Diffraction, 2003); program(s) used to solve structure: STR92 (Alto-
mare et al., 1993); program(s) used to refine structure: SHELXL97
(Sheldrick, 1997); molecular graphics: ORTEP-3 (Farrugia, 1997);
software used to prepare material for publication: WinGX (Farrugia,
1999).
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