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In the title complex, [Ni(C2H8N2)2(H2O)2](C10H8NO3S)2�-

2H2O, the Ni atom of the centrosymmetric cation has a

distorted octahedral coordination geometry, and is bonded to

four N atoms, from two diethylenediamine ligands, and to two

water O atoms. Symmetry-related 4-aminonaphthalene-1-

sulfonate anions are antiparallel. The crystal structure is

stabilized by �–� interactions and N—H� � �O, O—H� � �O and

O—H� � �N hydrogen bonds.

Comment

Owing to the weak coordination ability of sulfonate anions

with transition metals, sulfonates usually act as uncoordinated

counter-ions (Chen et al., 2002). We report the crystal struc-

ture of such a compound, [Ni(en)2(H2O)2](ans)2�2H2O, (I) (en

is diethylenediamine and ans is 4-aminonaphthalene-1-sulfo-

nate).

The molecular structure of (I) is shown in Fig. 1, and

selected bond distances and angles are given in Table 1. The Ni

atom of the centrosymmetric cation has a distorted octahedral

geometry and is coordinated by four N atoms from two

diethylenediamine ligands, which lie in the equatorial plane,

and by two water O atoms occupying the axial sites. The Ni—

N distances [2.081 (2) and 2.094 (2) Å] are in close agreement

with the equivalent distances in the complex [Ni(C12H12N4)2-

(H2O)2]Cl2�H2O [2.0857 (17) and 2.0962 (17) Å; Sbai et al.,

2002]. However, they are shorter than those in the com-

plex [Cu(en)2(H2O)2][Ni(en)3]2(2,6-nds)3�4H2O [2.122 (2),

2.124 (2) and 2.132 (2) Å; 2,6-nds is napthalene-2,6-disulfo-

nate; Cai, Feng & Hu, 2001; Cai, Chen et al., 2001]. The Ni—O

distance is 2.1421 (19) Å, which is slightly longer than the

corresponding distances in the complex [Ni(C3H10N2)2(-

H2O)2](C6H6NO3S)2 [2.1358 Å; Kim & Lee, 2002].

As shown in Fig. 2, an organic cation layer is linked to an

inorganic anionic layer through a series of N—H� � �O, O—

H� � �O and O—H� � �N hydrogen bonds (Table 2), and adjacent

4-aminonaphthalene-1-sulfonate anions are antiparallel,

showing significant �–� interactions. The plane-to-plane

distances and displacement angles of Cg1� � �Cg2i are 3.371 and

3.359 Å, and 0.96 and 16.41�, respectively [Cg1 and Cg2 are
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the C3–C7/C12 and C7–C12 ring centroids; symmetry code: (i)

1 � x, 1 � y, �z]. These interactions together with the

hydrogen bonds stabilize the crystal structure.

Experimental

Ethylenediamine (0.06 g, 1 mmol) was added to an aqueous solution

(20 ml) of Ni(NO3)2�6H2O (0.15 g, 0.5 mmol). The mixture was

stirred for 2 h at room temperature. The solution was then treated

with the sodium salt of 4-aminonaphthalene-1-sulfonic acid tetra-

hydrate (0.32 g, 1 mmol) in ethanol (10 ml). After filtration, the pale-

red solution obtained was allowed to stand at room temperature. Well

shaped pale-purple block-like crystals were obtained by slow

evaporation of the solvent over a period of about one week.

Crystal data

[Ni(C2H8N2)2(H2O)2]-
(C10H8NO3S)2�2H2O

Mr = 695.45
Monoclinic, P21=c
a = 12.406 (2) Å
b = 9.6396 (17) Å
c = 12.276 (2) Å
� = 90.479 (3)�

V = 1468.0 (5) Å3

Z = 2

Dx = 1.573 Mg m�3

Mo K� radiation
Cell parameters from 2427

reflections
� = 2.7–27.0�

� = 0.87 mm�1

T = 292 (2) K
Block, pale purple
0.30 � 0.18 � 0.12 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

’ and ! scans
Absorption correction: multi-scan

(SADABS; Bruker, 2000)
Tmin = 0.781, Tmax = 0.903

8920 measured reflections

3336 independent reflections
2698 reflections with I > 2�(I)
Rint = 0.031
�max = 27.5�

h = �15! 16
k = �10! 12
l = �14! 15

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.038
wR(F 2) = 0.114
S = 1.07
3336 reflections
236 parameters

H atoms treated by a mixture of
independent and constrained
refinement

w = 1/[�2(Fo
2) + (0.0643P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max < 0.001
��max = 0.40 e Å�3

��min = �0.37 e Å�3

Table 1
Selected geometric parameters (Å, �).

Ni1—N2 2.081 (2)
Ni1—N1 2.094 (2)

Ni1—O1 2.1421 (19)

N2—Ni1—N2i 180
N2—Ni1—N1 83.15 (9)
N2i—Ni1—N1 96.85 (9)
N2—Ni1—N1i 96.85 (9)
N2—Ni1—O1i 91.74 (8)

N2—Ni1—O1 88.26 (8)
N1—Ni1—O1 89.10 (8)
N1i—Ni1—O1 90.90 (8)
O1i—Ni1—O1 180

Symmetry code: (i) �x;�y;�z.

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

D—H� � �A D—H H� � �A D� � �A D—H� � �A

N1—H1B� � �O3ii 0.87 (2) 2.56 (2) 3.358 (3) 153 (2)
N1—H1A� � �O2iii 0.88 (2) 2.36 (2) 3.147 (3) 148 (3)
N2—H2B� � �O5iv 0.90 (2) 2.11 (2) 2.995 (3) 167 (3)
N2—H2A� � �O3v 0.89 (2) 2.25 (2) 3.107 (3) 161 (3)
O1—H1F� � �O2v 0.72 (3) 2.13 (4) 2.803 (3) 156 (3)
N3—H3B� � �O3vi 0.81 (2) 2.64 (2) 3.449 (3) 173 (3)
N3—H3A� � �O4vii 0.84 (2) 2.26 (2) 3.079 (3) 167 (2)
O5—H5B� � �O2ii 0.80 (3) 2.19 (4) 2.940 (3) 157 (7)
O1—H1E� � �O5viii 0.87 (4) 1.99 (4) 2.822 (3) 159 (3)
O5—H5A� � �N3ix 0.86 (2) 2.03 (2) 2.879 (3) 169 (3)

Symmetry codes: (ii) x;�yþ 1
2; z� 1

2; (iii) �x;�y;�z þ 1; (iv) �x;�yþ 1;�z; (v)
x; y; z� 1; (vi) �xþ 1; y� 1

2;�zþ 3
2; (vii) �x þ 1;�y;�zþ 1; (viii) x; y� 1; z; (ix)

�x þ 1;�yþ 1;�zþ 1.

The water and amine H atoms were located in difference Fourier

maps and refined isotropically. All the other H atoms were placed in
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Figure 2
A view of the crystal packing of (I), showing the hydrogen bonds as
dashed lines (see Table 2 for details).

Figure 1
View of the molecular structure of (I), showing the labelling scheme and
50% probability displacement ellipsoids. Only one anion and one water
molecule of crystallization are shown. [Symmetry code: (a) �x, �y, �z.]
H atoms have been omitted for clarity.



geometrically idealized positions and constrained to ride on their

parent atoms with C—H distances of 0.93–0.97 Å and Uiso(H) =

1.2Ueq(C).

Data collection: SMART (Bruker, 2000); cell refinement: SAINT

(Bruker, 2000); data reduction: SAINT; program(s) used to solve

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

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

SHELXTL (Bruker, 1997); software used to prepare material for

publication: SHELXTL.
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