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In the title complex, [Mn(C8H4NO6)2(H2O)4]�2H2O, cyclic

water tetramers forming one-dimensional metal±water chains

have been observed. The water clusters are trapped by the

co-operative association of coordination interactions and

hydrogen bonds. The MnII ion resides on a center of symmetry

and is in an octahedral coordination environment comprising

two O atoms from two 5-carboxy-2-nitrobenzoate ligands and

four O atoms from water molecules.

Comment

Water clusters are bridges between a single water molecule

and liquid water or ice. Recent years have witnessed numerous

studies of small water clusters (Mascal et al., 2006) from both

theoretical (Xantheas, 1994, 1995; Kim et al., 1994, 1999) and

experimental aspects (Buck & Huisken, 2000; Barbour et al.,

1998; Raghuraman et al., 2003; Janiak & Scharamann, 2002).

Among them, the cyclic water tetramer is of great interest

since it is a simple two-structure model for liquid water

(Benson & Siebert, 1992; Ludwig, 2001). The con®gurations of

such tetramers have been predicted by ab initio electronic

structure calculations (Gregory & Clary, 1996; Udalde et al.,

2000; Radhakrishnan & Herndon, 1991), and some of them

have been characterized by far-IR vibration±rotation

tunneling spectroscopy (Cruzan et al., 1996) or found in

different crystal hosts (Mascal et al., 2006; Xu et al., 2000;

Supriya & Das, 2003; Long et al., 2004; Zuhayra et al., 2006).

We report here the title metal±water chain complex,

[Mn(NO2±HBDC)2(H2O)4]�2H2O (NO2±H2BDC is 4-nitro-

benzene-1,3-dicarboxylic acid), (I), which contains the cyclic

water tetramer.

The asymmetric unit of complex (I) consists of one Mn

atom, two NO2±HBDC ligands, four coordinated water mol-

ecules and two solvent water molecules (Fig. 1). The MnII ion

is located on a symmetry center and is coordinated by two O

atoms of two monodentate carboxylate groups from two

NO2±HBDC ligands [MnÐO1i = 2.1493 (17) AÊ ; symmetry

code: (i) ÿx, ÿy + 2, ÿz + 1] and two O atoms from two water

molecules [MnÐO7 = 2.1815 (19) AÊ ], which form the equa-

torial plane, and by two O atoms from the other two water

molecules [MnÐO8 = 2.2060 (18) AÊ ] at the axial positions

(Table 1). The coordination geometry around the MnII ion can

be described as a slightly distorted octahedron. The distortion

arises from the O8ÐMn1ÐO8i axis which is not actually

perpendicular to the coordination plane (O1/O7/O1i/O7i/

Mn1); in fact, the O1ÐMn1ÐO8 angle is 89.26 (6)�. In the

NO2±HBDC ligand, the dihedral angles between the benzene

ring (atoms C2±C7; plane 1) and the planes formed by the

carboxylate groups are 68.8 (3) and 27.9 (2)� for the O1/C1/O2

and O3/C8/O4 planes, respectively; the angle between plane 1

and the O5/N1/O6 plane is 26.1 (2)�.
There are OÐH� � �O hydrogen bonds between the coordi-

nation water molecules and carboxylate O atoms [O8� � �O4iii =

2.725 (2) AÊ ; see Table 2 for symmetry code], which bridge

molecules, forming an in®nite one-dimensional chain along

the c axis. The NO2±HBDC ligands are parallel to each other

in the chain; the distance between the benzene rings of the

NO2±HBDC ligands is 3.588 (2) AÊ . These chains are further
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Figure 1
The molecular structure of (I), showing 30% probability displacement
ellipsoids and the atom-numbering scheme. [Symmetry code: (i)ÿx, 2ÿ y,
1 ÿ z.]

³ Current address: WuXi Pharmaltech, 200131 Shanghai, People's Republic of
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interconnected by solvent water molecules via hydrogen

bonds [O9� � �O2v = 2.665 (3) AÊ , O3� � �O9ii = 2.608 (2) AÊ and

O7� � �O9iv = 2.829 (2) AÊ ; see Table 2 for symmetry codes],

giving rise to a two-dimensional structure in the bc plane, as

shown in Fig. 2.

Interestingly, a cyclic water tetramer is observed in the solid

state (Fig. 3). The solvent water molecule in the cluster is in a

tetrahedral environment with two water±water hydrogen

bonds and two water±carboxylate hydrogen bonds. Mean-

while, the coordinated water molecule are involved in two

water±water hydrogen bonds and one water±metal coordina-

tion bond. Within the cluster, the four water molecules are

completely coplanar without regard to connectivity of the H

atoms. Though the O9� � �O7 distance (3.155 AÊ ) is longer than

the sum of van der Waals radii (3.04 AÊ ), we think there still

exist weak hydrogen-bonding interactions, as found in many of

the compounds reported previously (Liu & Xu, 2005; Fabelo et

al., 2006). The average O� � �O distance is 2.99 AÊ . This distance

is signi®cantly longer than the distance of 2.78 AÊ estimated in

the water tetramer of (D2O)4 in the gas phase (Cruzan et al.,

1996), and longer than in other tetrameric clusters reported

previously (2.77±2.94 AÊ ; Supriya & Das, 2003; Long et al.,

2004; Zuhayra et al., 2006; Tao et al., 2004; Ye et al., 2005).

However, it is shorter than that observed in 1,4,7,10-tetra-

azacyclododecane trihydrate (3.004 AÊ ; Pal et al., 2003). Two of

the water molecules in the cyclic tetramers of (I) bind to the

MnII ions, resulting in an in®nite metal±water chain along the

a axis. To the best of our knowledge, such cyclic water clusters

containing metal±water chains are not common (Turner et al.,

2004; Ghosh & Bharadwaj, 2003; Ye et al., 2004; Liu & Xu,

2005; Li et al., 2006). Another remarkable feature is that the

two-dimensional structure is assembled into a three-dimen-

sional network (Fig. 4) by the water tetramers through metal±

water chains, indicating that the cyclic water tetramer plays a

crucial role in the formation of the three-dimensional

network.

Experimental

A solution of MnSO4 (0.0151 g, 0.10 mmol) in water (5 ml) was added

dropwise with constant stirring to an aqueous solution (5 ml) of

4-nitrobenzene-1,3-dicarboxylic acid (0.0211 g, 0.1 mmol). The

resulting mixture was then transferred to a Te¯on-lined stainless steel

vessel, which was sealed and heated to 403 K for 72 h, then cooled to

room temperature. The reaction mixture was ®ltered and single

crystals were obtained from the ®ltrate after it had been allowed to

stand at room temperature for a few days.
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Figure 2
A view of the two-dimensional hydrogen-bonded net projected on to the bc plane in (I). Dashed lines indicate hydrogen bonds. [Symmetry codes:
(ii) x, y, ÿ1 + z; (iii) ÿx, 2 ÿ y, ÿz; (vi) 1 ÿ x, 1 ÿ y, ÿz.]

Figure 3
A view of the cyclic water tetramer and its coordination environment in
(I). Dashed lines indicate hydrogen bonds. [Symmetry codes: (iv)
1ÿ x; 2ÿ y; 1ÿ z; (v) 1ÿ x; 1ÿ y; 1ÿ z; (vii) x; 1� y; z; (viii) 1ÿ x,
2ÿ y, ÿz; (ix) x; y; 1� z.]

Figure 4
The crystal packing of (I), viewed down the c axis. Dashed lines indicate
hydrogen bonds.



Crystal data

[Mn(C8H4NO6)2(H2O)4]�2H2O
Mr = 583.28
Triclinic, P1
a = 7.355 (4) AÊ

b = 7.965 (4) AÊ

c = 11.056 (6) AÊ

� = 73.827 (8)�

� = 83.588 (7)�

 = 63.647 (7)�

V = 557.4 (5) AÊ 3

Z = 1
Dx = 1.738 Mg mÿ3

Mo K� radiation
� = 0.69 mmÿ1

T = 273 (2) K
Block, colorless
0.24 � 0.22 � 0.20 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.852, Tmax = 0.875

2863 measured re¯ections
1957 independent re¯ections
1741 re¯ections with I > 2�(I )
Rint = 0.019
�max = 25.0�

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.030
wR(F 2) = 0.084
S = 1.04
1957 re¯ections
171 parameters
H-atom parameters constrained

w = 1/[�2(F 2
o) + (0.0461P)2

+ 0.1749P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max < 0.001
��max = 0.25 e AÊ ÿ3

��min = ÿ0.28 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.331 (13)

H atoms attached to C atoms were placed at calculated positions

(CÐH = 0.93 AÊ ) and allowed to ride on their parent atoms [Uiso(H) =

1.2Ueq(C)]. H atoms attached to O atoms were located in a difference

map and re®ned as riding in their as-found positions (OÐH = 0.82±

0.86 AÊ ), with Uiso(H) = 1.2Ueq(O).

Data collection: SMART (Bruker, 1997); cell re®nement: SAINT

(Bruker, 1997); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1990); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

SHELXTL (Bruker, 1998); software used to prepare material for

publication: SHELXTL.
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Table 1
Selected geometric parameters (AÊ , �).

Mn1ÐO1i 2.1493 (17)
Mn1ÐO1 2.1494 (17)
Mn1ÐO7i 2.1815 (19)
Mn1ÐO7 2.1815 (19)
Mn1ÐO8i 2.2060 (17)

Mn1ÐO8 2.2060 (18)
O1ÐC1 1.249 (3)
O2ÐC1 1.239 (3)
O3ÐC8 1.317 (2)
O4ÐC8 1.211 (2)

Symmetry code: (i) ÿx;ÿy� 2;ÿz� 1.

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

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

O3ÐH3� � �O9ii 0.82 1.79 2.608 (2) 175
O7ÐH7A� � �O9 0.86 1.99 2.829 (2) 167
O8ÐH8A� � �O4iii 0.85 1.88 2.725 (2) 173
O9ÐH9A� � �O7iv 0.86 2.43 3.155 (3) 143
O9ÐH9B� � �O2v 0.85 1.82 2.665 (3) 168

Symmetry codes: (ii) x; y; zÿ 1; (iii) ÿx;ÿy� 2;ÿz; (iv) ÿx� 1;ÿy� 2;ÿz� 1; (v)
ÿx� 1;ÿy� 1;ÿz� 1.


