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The title compound, C10H9N2
+�Brÿ�H2O, crystallizes in the

orthorhombic crystal system. The structure consists of

separate bipyridinium cations stacked along the a axis. The

pyridine and pyridinium rings deviate from coplanarity by

29.6 (4)� about the CÐC bridging bond. The Brÿ ions and the

water molecules are situated between the stacks.

Comment

The study of inorganic±organic hybrid materials is motivated

by their potential for creating materials in which the proper-

ties of the inorganic and organic components can be

controlled (Iyere et al., 1998). For instance, diprotonated 4,40-
bipyridinium cations have been used in the stabilization of

molybdenum oxide layers (Zapf et al., 1997) and the isolation

of a new anionic lead iodide chain structure (Chakravarthy &

Guloy, 1997). Although the literature is replete with the

crystal structures of the 4,40-bipyridinium dication with a

variety of anions and alkyl substituents (Cooney et al., 1990),

structural details for the protonated cation with halide anions

are scarce. The structure of the diprotonated 4,40-bipyridinium

dibromide (Mestvedt, 1960), dinitrate (Cooney et al., 1990)

and diiodide salts (Iyere et al., 1998) have been reported. To

the best of our knowledge of monoprotonated bipyridinium

compounds, only the crystal structure of 4,40-bipyridine-3,30-
dicarboxylic acid dihydrate (Bond et al., 2001), a zwitterionic

molecule, viz. 30-carboxy-4,40-bipyridin-4-ium-3-carboxylate

dihydrate, has been reported. Here we present the ®rst

structural details of the bromide salt, (I), of a monoprotonated

4,40-bipyridinium cation.

The two rings are twisted by 29.6 (4)� about the C1ÐC10

bond (Fig. 2). This is typical for non-planar 4,40-bipyridinium

cations, where torsion angles normally range between 17 (1)

and 38.4 (9)� (Subbotin & Aslanov, 1986; Baker et al., 1990;

Fedin et al., 1992; Alcock et al., 1993; Lipka, 1983). The cations

stack perpendicular to the short a axis (Fig. 3). The Brÿ ions

and water molecules are situated between the stacks. Atom N4

is hydrogen bonded to atom N40 of a neighbouring (x, y+1, z)

cation. This is different from the structure reported for its

closest analogue, 4,40-bipyridine-3,30-dicarboxylic acid dihy-

drate, a zwitterionic molecule (Bond et al., 2001), which

exhibits an extensive network of hydrogen bonds.
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Experimental

The title compound was prepared by adding drops (with stirring) of

48% hydrobromic acid (Fisher, ACS certi®ed) to a mixture of 4.657 g

(26 mmol) of 4,40-bipyridyl (Aldrich) and 100 ml of puri®ed water

until a clear solution was formed. The solution was ®ltered to remove

unreacted materials and the ®ltrate yielded colourless skewed hexa-

gonal columns after slow evaporation for several days.

Crystal data

C10H9N2
+�Brÿ�H2O

Mr = 255.12
Orthorhombic, P212121

a = 7.0273 (14) AÊ

b = 9.6840 (19) AÊ

c = 15.240 (3) AÊ

V = 1037.1 (4) AÊ 3

Z = 4
Dx = 1.634 Mg mÿ3

Mo K� radiation
Cell parameters from 3777

re¯ections
� = 1.0±27.5�

� = 3.93 mmÿ1

T = 90.0 (2) K
Skewed hexagonal column, colour-

less
0.25 � 0.22 � 0.20 mm

Data collection

Nonius KappaCCD diffractometer
! scans at ®xed � = 55�

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tmin = 0.395, Tmax = 0.455

6291 measured re¯ections
2315 independent re¯ections

2141 re¯ections with I > 2�(I)
Rint = 0.030
�max = 27.5�

h = ÿ9! 8
k = ÿ12! 8
l = ÿ19! 18

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.025
wR(F 2) = 0.052
S = 1.07
2315 re¯ections
137 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + 0.1011P]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max = 0.001
��max = 0.37 e AÊ ÿ3

��min = ÿ0.36 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0058 (6)
Absolute structure: Flack (1983),

924 Friedel pairs
Flack parameter = 0.025 (11)

Table 1
Selected geometric parameters (AÊ , �).

C1ÐC2 1.393 (4)
C1ÐC6 1.395 (4)
C1ÐC10 1.494 (3)
C2ÐC3 1.380 (3)
C3ÐN4 1.338 (3)

N4ÐC5 1.340 (3)
C5ÐC6 1.383 (3)
OÐH1W 0.88 (3)
OÐH2W 0.76 (3)

C2ÐC1ÐC6 118.7 (2)
C2ÐC1ÐC10 120.9 (2)
C6ÐC1ÐC10 120.3 (2)
C3ÐC2ÐC1 119.6 (3)

N4ÐC3ÐC2 120.2 (3)
C3ÐN4ÐC5 121.9 (2)
N4ÐC5ÐC6 120.3 (3)
C5ÐC6ÐC1 119.2 (3)

C6ÐC1ÐC10ÐC60 ÿ29.6 (4) C2ÐC1ÐC10ÐC20 ÿ29.6 (4)

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

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

N4ÐH4� � �N40 i 0.88 1.81 2.681 (3) 173
OÐH1W� � �Br1ii 0.88 (3) 2.43 (3) 3.301 (2) 172 (3)
OÐH2W� � �Br1 0.76 (3) 2.68 (3) 3.426 (2) 174 (3)

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

1
2ÿ z.

All H atoms were found in difference Fourier maps. Those on the

cation were re®ned using an appropriate riding model, whereas the

Figure 3
Packing diagram of (I), viewed along the a axis

Figure 1
Displacement ellipsoid plot, at the 50% probability level, for (I).

Figure 2
Packing diagram for (I), viewed along the b axis



water H atoms were freely re®ned with isotropic displacement

parameters.

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

SCALEPACK (Otwinowski & Minor, 1997); data reduction:

DENZO-SMN (Otwinowski & Minor, 1997); program(s) used to

solve structure: SHELXS97 (Sheldrick, 1990); program(s) used to

re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

XP in SHELXTL (Sheldrick, 1994); software used to prepare

material for publication: SHELXL97.

This project was supported in part by a National Science

Foundation grant (ILI) to PAI. The contributions of staff and

technicians are deeply appreciated.
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