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In the title compound, {[Ni(H2O)2(C10H8N2)(C5H5O4)2]�-
2H2O}n, (I), the NiII atom is located at a center of inversion,

and the bridging 4,40-bipyridine has a center of symmetry.

Each NiII is in an octahedral environment, coordinated by two

H2O, two cis-2-methyl-but-2-enedioate (citraconate) and two

bridging 4,40-bipyridine ligands to generate linear chains

which interact with the water molecules of crystallization to

form a hydrogen-bonding network.

Comment

The design of extended frameworks by linking metal centers

with multidentate ligands has drawn great attention. Poly-

carboxylates have been widely used as building blocks to

construct many coordination polymers with interesting crystal

structures (Eddaoudi et al., 2001). The reaction of a di-

carboxylic acid (citraconic acid), a dipyridyl spacer (4,40-bi-

pyridine) and Ni2+ resulted in the formation of the title

compound, [Ni(H2O)2(4,40-bipyridine)(citraconate)2
.2H2O]n,

(I) (Fig. 1).

The structure of (I) is composed of parallel straight chains

running in the [001] direction and water molecules of crys-

tallization (Fig. 2). Each Ni2+ ion is located at a crystal-

lographic center of inversion, coordinated by two H2O

molecules, two bridging 4,40-bipyridine ligands and two

dangling citraconates, each of which binds to Ni2+ with one O

atom of a carboxylate at C6, while the other carboxylic acid at

C9 remains protonated. The conformation of the citraconate

ligand is similar to that of free citraconic acid (Batchelor &

Jones, 1998), with C6, C7, C8, C9, C10, O3 and O4 nearly in

the same plane (r.m.s. deviation = 0.027 AÊ ). The plane formed

by the coordinated carboxylate (C6, C7, O1 and O2) is nearly
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perpendicular to the former plane at 88.06 (8)� owing to steric

hindrance. The linkage of the Ni2+ ions and 4,40-bipyridines is

similar to that of the straight [Ni(4,40-bipyridine)]2+ chains

observed in Ni(oxalate)(4,40-bipyridine) (Lu et al., 1999),

where the pyridine rings are coplanar in one chain. The NiÐ

O1(carboxylate) distance, 2.2933 (16) AÊ , is signi®cantly longer

than that of NiÐO5(water), 2.0767 (17) AÊ . Hydrogen bond-

ings is observed among the water molecules and the nearby

carboxylic groups, forming a three-dimensional hydrogen-

bonding network (Table 2).

Experimental

Ni(NO3)2
.6H2O (0.145 g, 0.5 mmol), 4,40-bipyridine (0.078 g,

0.5 mmol) and citraconic acid (0.065 g, 0.5 mmol) were dissolved in

5 ml and 15 ml distilled water respectively at 353 K. The two solutions

were mixed slowly and sealed in a 30 ml test tube, forming a green

solution with pH = 3.6. Then the solution was kept at 298 K for 5 days

until many crystals of (I) were observed (yield 95.0%).

Crystal data

[Ni(C10H8N2)(C5H5O4)2-
(H2O)2]�2H2O

Mr = 545.12
Monoclinic, P21=n
a = 7.065 (1) AÊ

b = 15.148 (3) AÊ

c = 11.113 (2) AÊ

� = 98.09 (1)�

V = 1177.5 (4) AÊ 3

Z = 2

Dx = 1.538 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 12.2±12.5�

� = 0.89 mmÿ1

T = 293 (2) K
Parallelepiped, green
0.25 � 0.20 � 0.20 mm

Data collection

Bruker P4 diffractometer
�/2� scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.808, Tmax = 0.842

2831 measured re¯ections
2077 independent re¯ections
1627 re¯ections with I > 2�(I)

Rint = 0.016
�max = 25.0�

h = ÿ1! 8
k = ÿ1! 18
l = ÿ13! 13
3 standard re¯ections

every 97 re¯ections
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.029
wR(F 2) = 0.058
S = 1.04
2077 re¯ections
167 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.02P)2

+ 0.42P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.26 e AÊ ÿ3

��min = ÿ0.19 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0067 (3)

Table 1
Selected geometric parameters (AÊ , �).

NiÐN 2.0128 (16)
NiÐO5 2.0767 (17)

NiÐO1 2.2933 (16)
C3ÐC3i 1.491 (3)

NiiÐNiÐO5 89.43 (7)
NÐNiÐO5 90.57 (7)
NiiÐNiÐO1 89.12 (7)

NÐNiÐO1 90.88 (7)
O5ÐNiÐO1 88.26 (6)
O5iiÐNiÐO1 91.74 (6)

Symmetry codes: (i) 1ÿ x; 1ÿ y; 2ÿ z; (ii) 1ÿ x; 1ÿ y; 1ÿ z.

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

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

O3ÐH3� � �O6 0.89 1.71 2.590 (2) 169
O5ÐH5A� � �O4i 0.87 1.95 2.814 (3) 175
O5ÐH5B� � �O2ii 0.96 1.85 2.741 (3) 153
O6ÐH6A� � �O2iii 0.83 1.94 2.752 (2) 164
O6ÐH6B� � �O1iv 0.86 1.91 2.753 (2) 165

Symmetry codes: (i) 1
2� x; 1

2ÿ y; 1
2� z; (ii) 1ÿ x; 1ÿ y; 1ÿ z; (iii) 1

2� x; 1
2ÿ y; z ÿ 1

2; (iv)
xÿ 1

2;
1
2ÿ y; zÿ 1

2.

All the H atoms were observed in difference electron density

maps. During re®nement, the coordinates of all H atoms were ®xed,

except for H3, H5A, H5B, where OÐH bonds were allowed to vary

and rotate about the CÐO or Ni±O bonds, and for H6A, H6B, where

the OÐH bonds were allowed to vary.

Figure 1
The structure and labeling scheme of (I) showing 50% probability
displacement ellipsoids.

Figure 2
The packing diagram and H-bonding network of (I).



Data collection: XSCANS (Siemens, 1992); cell re®nement:

XSCANS; data reduction: SHELXTL XPREP (Siemens, 1994);

program(s) used to solve structure: SHELXS-97 (Sheldrick, 1997);

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

molecular graphics: SHELXTL XP; software used to prepare mate-

rial for publication: SHELXTL XCIF.
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