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The title compound, [UO2(OH)2(C10H8N2)]n, was obtained

under hydrothermal conditions. The U atom is seven-

coordinated and its environment is pentagonal bipyramidal,

with the oxo atoms in axial positions, and one N atom and four

hydroxide groups in the equatorial plane. The hydroxide ions

are bridging, which results in the formation of in®nite chains

with the bipyridine molecules alternately located on either

side. Neighbouring chains interpenetrate so that each

bipyridine ligand is involved both in hydrogen bonds with

two hydroxide ions and in �-stacking with its two neighbours

from the next chain.

Comment

Dioxouranium(VI) (uranyl) hydroxides and hydrates are

known to organize as layered materials with the general

formula [(UO2)x(O)y(OH)z]�nH2O (Weller et al., 2000). In

particular, the �, � and 
 forms of the polymorphic uranyl

hydroxide UO2(OH)2, prepared under hydrothermal condi-

tions, are composed of sheets in which the uranyl equatorial

environment is either hexagonal or square planar (Roof et al.,

1964; Bannister & Taylor, 1970; Taylor, 1971; Taylor & Hurst,

1971; Siegel et al., 1972). The complex [UO2(OH)2(4,40-bipy)],

(I), was also obtained under hydrothermal conditions, but

coordination of the bipyridine molecule disrupts the planar

arrangement of uranyl hydroxide to give an unusual one-

dimensional polymer. It is to be noted that a search of the

Cambridge Structural Database (CSD, Version 5.27; Allen,

2002) gives no example of 4,40-bipyridine coordinated to the

uranyl ion. The ®rst examples were indeed reported recently

in a family of uranyl complexes with aliphatic carboxylates

formed in the presence of bipyridines (Borkowski & Cahill,

2006).

The asymmetric unit in (I) comprises one uranyl ion, two

hydroxo groups and one monodentate 4,40-bipyridine mol-

ecule (Fig. 1). A polymeric chain running along the a axis is

formed through metal coordination to the images of the

hydroxo groups generated by the helicoidal binary axis. The U

atom is thus in the usual pentagonal±bipyramidal environment

and is displaced by only 0.0242 (14) AÊ from the mean equa-

torial plane de®ned by atoms O3, O4, O3i, O4i and N1 [r.m.s.

deviation 0.082 AÊ ; symmetry code: (i) x ÿ 1
2, ÿy + 1

2, ÿz + 2].

The average U1ÐO(oxo) and U1ÐO(�-hydroxo) bond

lengths are 1.795 (4) and 2.346 (4) AÊ , respectively (Table 1).

The former is not signi®cantly larger than the average value

for comparable bonds found in the CSD [1.77 (3) AÊ , 738

structures], whereas the latter is in perfect agreement with the

value of 2.34 (3) AÊ for double hydroxo bridges reported in the

CSD (18 structures). It is to be noted that, whereas dinuclear

uranyl complexes with a double hydroxide bridge are quite

common, no example of a one-dimensional polymer based on

this motif is present in the CSD. The U1ÐN1 bond length

[2.614 (7) AÊ ] is longer than the average value for the other

UÐN(4,40-bipyridine) bonds reported [2.57 (2) AÊ ; Borkowski
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Figure 1
A view of compound (I), showing the atom-numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level.
[Symmetry codes: (i) x ÿ 1

2, ÿy + 1
2, ÿz + 2; (ii) x + 1

2, ÿy + 1
2, ÿz + 2.]



& Cahill, 2006]. The latter includes both mono- and bidentate

bipyridines, but this does not seem to have an in¯uence on the

UÐN bond lengths.

The chains directed along the a axis display successive 4,40-
bipyridine molecules pointing on either side along the c axis,

which gives a planar double comb-like assemblage (Fig. 2).

Neighbouring chains along the c axis interpenetrate in such a

manner that the 4,40-bipyridine molecules are roughly super-

imposable when viewed down the a axis, with a centroid offset

of about 1.1 AÊ . The two aromatic rings in each molecule make

a dihedral angle of 33.4 (2)�, but the coordinated (N1/C1±C5)

and uncoordinated (N2/C6±C10) rings of neighbouring mol-

ecules are nearly parallel, with a dihedral angle of 2.9 (4)�. The

presence of �-stacking interactions between these latter rings

is indicated by the inter-centroid distances Cg1� � �Cg2i =

3.838 AÊ and Cg1� � �Cg2ii = 3.718 AÊ , where Cg1 and Cg2 are the

centroids of the N1/C1±C5 and N2/C6±C10 rings, respectively

[symmetry codes: (i) x ÿ 1
2, ÿy + 1

2, ÿz + 1; (ii) x + 1
2, ÿy + 1

2,

ÿz + 1] (the corresponding distances between planes are 3.48

and 3.60 AÊ , respectively). The shortest interatomic contacts

are about 3.6 AÊ on either side, and thus slightly larger than

twice the out-of-plane van der Waals radius of a C atom

(1.7 AÊ ; Bondi, 1964). These distances and offsets seem large,

but they are compatible with the usual parallel-displaced

stacking geometry (Meyer et al., 2003). Further linking of

neighbouring chains along the c axis is ensured by hydrogen

bonds between the hydroxo groups and the uncoordinated N

atoms (Table 2). All these weak interactions result in the

formation of a two-dimensional framework parallel to the ac

plane, in which ribbons of organic spacers and chains of uranyl

hydroxide alternate. These sheets are superimposed along the

b axis so that the projections of the U atoms of one sheet lie

between the 4,40-bipyridine molecules of the other, with no

notable inter-sheet interactions, apart from van der Waals

ones.

Experimental

Uranyl nitrate hexahydrate (135 mg, 0.269 mmol) and 4,40-bipyridine

(42 mg, 0.269 mmol) were dissolved in water (3 ml). The solution was

placed in a tightly sealed vessel and heated at 453 K for two days

under autogenous pressure. Crystals of (I) were formed during slow

cooling of the solution.

Crystal data

[UO2(OH)2(C10H8N2)]
Mr = 460.23
Orthorhombic, P212121

a = 7.3964 (4) AÊ

b = 10.8144 (7) AÊ

c = 14.0800 (11) AÊ

V = 1126.23 (13) AÊ 3

Z = 4
Dx = 2.714 Mg mÿ3

Mo K� radiation
� = 14.42 mmÿ1

T = 110 (2) K
Irregular, translucent light yellow
0.10 � 0.10 � 0.06 mm

Data collection

Nonius KappaCCD area-detector
diffractometer

' and ! scans
Absorption correction: multi-scan

(SCALEPACK; Otwinowski &
Minor, 1997)
Tmin = 0.213, Tmax = 0.421

14902 measured re¯ections
2123 independent re¯ections
1901 re¯ections with I > 2�(I )
Rint = 0.068
�max = 25.7�

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.033
wR(F 2) = 0.086
S = 1.10
2123 re¯ections
155 parameters
H-atom parameters constrained

w = 1/[�2(F 2
o) + (0.0482P)2

+ 4.3193P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max = 0.001
��max = 2.66 e AÊ ÿ3

��min = ÿ1.41 e AÊ ÿ3

Absolute con®guration: Flack
(1983), 875 Friedel pairs

Flack parameter: 0.02 (3)
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Figure 2
The packing through weak interactions in (I). Atoms are represented as
spheres for clarity, C-bound H atoms have been omitted and hydrogen
bonds are shown as dashed lines. [Symmetry codes: (i) x ÿ 1

2, ÿy + 1
2,ÿz + 2; (ii) x, y, z + 1.]

Table 1
Selected geometric parameters (AÊ , �).

U1ÐO1 1.799 (7)
U1ÐO2 1.790 (6)
U1ÐO3 2.353 (6)
U1ÐO4 2.345 (7)

U1ÐO3i 2.343 (6)
U1ÐO4i 2.343 (6)
U1ÐN1 2.614 (7)

O1ÐU1ÐO2 175.9 (3)
O3ÐU1ÐO4 68.4 (2)
O4ÐU1ÐO3i 76.7 (2)
O3iÐU1ÐO4i 68.6 (2)

O4iÐU1ÐN1 72.9 (2)
N1ÐU1ÐO3 73.7 (2)
U1ÐO3ÐU1ii 111.2 (3)
U1ÐO4ÐU1ii 111.5 (3)

Symmetry codes: (i) xÿ 1
2;ÿy� 1

2;ÿz� 2; (ii) x� 1
2;ÿy� 1

2;ÿz� 2.

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

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

O3ÐH3� � �N2iii 0.86 2.10 2.938 (11) 164
O4ÐH4� � �N2iv 0.80 2.26 3.015 (11) 159

Symmetry codes: (iii) x� 1
2;ÿy� 1

2;ÿz� 1; (iv) x; y; z� 1.



H atoms bound to O atoms were found in a difference Fourier map

and introduced as riding atoms, with Uiso(H) values of 1.2Ueq(O). All

other H atoms were introduced at calculated positions as riding

atoms, with CÐH bond lengths of 0.93 AÊ and Uiso(H) values of

1.2Ueq(C). The absolute con®guration was determined from the value

of the Flack (1983) parameter, which was re®ned together with the

other parameters.

Data collection: COLLECT (Nonius, 1998); cell re®nement:

HKL-2000 (Otwinowski & Minor, 1997); data reduction: HKL-2000;

program(s) used to solve structure: SHELXS97 (Sheldrick, 1997);

program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997);

molecular graphics: SHELXTL (Bruker, 1999); software used to

prepare material for publication: SHELXTL (Bruker, 1999) and

PLATON (Spek, 2003).

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: DN3033). Services for accessing these data are
described at the back of the journal.
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