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The crystal structure of piperazinediium hexaaquazinc(II)

bis(sulfate), (C4H12N2)[Zn(H2O)6](SO4)2, is built from

isolated [Zn(H2O)6]2+, SO4
2� and C4H12N2

2+ ions linked

together by a hydrogen-bonding network. The title compound

exhibits strong analogies with some double aluminium

sulfates, also known as Tutton’s salts.

Comment

The synthesis of organically templated metal sulfates is a

promising route to new microporous materials (Choudhury et

al., 2001; Bataille & Louër, 2002; Norquist et al., 2003). In the

course of our investigations on di- and trivalent metal sulfates

templated by diamines (Bataille, 2003), we report here the

synthesis and the structural characterization of piper-

azinediium hexaaquazinc(II) bis(sulfate), (C4H12N2)[Zn-

(H2O)6](SO4)2, (I).

The title compound is isostructural with the related cobalt

phase (Pan et al., 2003). The structure consists of Zn2+ cations

octahedrally coordinated by six water molecules, sulfate

tetrahedra and piperazinium cations lying about inversion

centres, and linked together by hydrogen bonds. The chemical

formula, as well as the structural model, resemble those of

Tutton’s salts. Indeed, the arrangement of the polyhedral units,

as shown in Fig. 1, is very similar to that of, for example,

(NH4)2[Mg(H2O)6](SO4)2 (Maslen et al., 1988), except that the

orientation of the polyhedra differs from one phase to

another. Such a relationship has also been reported in MII

guanidinium sulfates (Fleck et al., 2004). The significant

difference in unit-cell dimensions between the related phases

certainly depends on the size, shape and charge of the amino

group involved in the structures, i.e. NH4
+, [H2N(CH2)6NH2]2+

and [C(NH2)3]+. Further investigations will help our under-

standing of the role of the amine entity in the formation of

such compounds.

Experimental

Single crystals of the title compound were grown by slow evaporation

at room temperature of an aqueous solution of ZnSO4�7H2O–

C4H10N2–H2SO4 in a 1:1:1 ratio. The product was filtered off and

washed with a small amount of distilled water.
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Crystal data

(C4H12N2)[Zn(H2O)6](SO4)2

Mr = 453.74
Monoclinic, P21=n
a = 12.9562 (2) Å
b = 10.6502 (2) Å
c = 13.3251 (2) Å
� = 114.032 (1)�

V = 1679.30 (5) Å3

Z = 4

Dx = 1.795 Mg m�3

Mo K� radiation
Cell parameters from 15 427

reflections
� = 2.0–35.0�

� = 1.78 mm�1

T = 292 (2) K
Prism, colourless
0.20 � 0.18 � 0.15 mm

Data collection

Nonius KappaCCD diffractometer
’ and ! scans
Absorption correction: analytical

(de Meulenaer & Tompa, 1965)
Tmin = 0.708, Tmax = 0.794

27 290 measured reflections
7387 independent reflections

5221 reflections with I > 2�(I)
Rint = 0.073
�max = 35.0�

h = �20! 17
k = �17! 17
l = �19! 21

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.044
wR(F 2) = 0.126
S = 1.04
7387 reflections
244 parameters
H atoms treated by a mixture of

independent and constrained
refinement

w = 1/[�2(Fo
2) + (0.0621P)2

+ 0.263P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.84 e Å�3

��min = �0.82 e Å�3

Table 1
Hydrogen-bonding geometry (Å, �).

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

O11—H11� � �O1i 0.830 (15) 1.872 (17) 2.688 (2) 167 (3)
O11—H12� � �O8ii 0.827 (15) 1.878 (16) 2.7038 (19) 177 (3)
O12—H21� � �O7iii 0.877 (16) 1.850 (16) 2.697 (2) 162 (2)
O12—H22� � �O4 0.849 (16) 1.906 (16) 2.753 (2) 176 (3)
O13—H31� � �O5iii 0.882 (15) 2.32 (2) 3.073 (3) 142.7 (19)
O13—H31� � �O7iii 0.882 (15) 2.461 (18) 3.253 (3) 150 (2)
O13—H32� � �O3iv 0.872 (15) 1.954 (15) 2.821 (2) 172 (2)
O14—H41� � �O1 0.855 (15) 1.855 (16) 2.709 (2) 176 (2)
O14—H42� � �O4iv 0.863 (16) 1.858 (16) 2.711 (2) 169 (3)
O15—H51� � �O6 0.849 (15) 1.888 (16) 2.736 (2) 177 (3)
O15—H52� � �O3i 0.830 (16) 2.078 (17) 2.896 (2) 168 (2)
O16—H61� � �O5 0.868 (15) 1.855 (16) 2.718 (2) 173 (2)
O16—H62� � �O6ii 0.876 (15) 1.886 (16) 2.7564 (19) 172 (2)
N1—H1C� � �O7 0.90 1.94 2.759 (2) 151
N1—H1C� � �O6 0.90 2.54 3.243 (2) 136
N1—H1D� � �O2iv 0.90 1.89 2.766 (2) 163
N2—H2C� � �O2iv 0.90 1.85 2.737 (2) 170
N2—H2D� � �O8v 0.90 1.83 2.724 (2) 170

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

2;
1
2� z; (iii) 1� x; 1� y; 1� z; (iv)

3
2� x; 1

2þ y; 1
2� z; (v) 1

2� x; 1
2þ y; 1

2� z.

The aqua H atoms were located in a difference map and refined

with O—H distance restraints of 0.85 (1) Å and H� � �H distance

restraints of 1.39 (1) Å, and with Uiso = 1.2Ueq(O). H atoms bonded

to C and N atoms were positioned geometrically and allowed to ride

on their parent atoms, with C—H = 0.97 Å, N—H = 0.90 Å and Uiso =

1.2Ueq(C,N)

Data collection: COLLECT (Nonius, 1998); cell refinement:

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

SCALEPACK and DENZO (Otwinowski & Minor, 1997);

program(s) used to solve structure: SIR97 (Altomare et al., 1999);

program(s) used to refine structure: SHELXL97 (Sheldrick, 1997);

molecular graphics: DIAMOND (Brandenburg & Berndt, 1999);

software used to prepare material for publication: WinGX (Farrugia,

1999).

The authors thank Dr T. Roisnel (Centre de Diffractom-

étrie X, Université de Rennes I) for collecting the diffraction

data.
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Figure 1
Projection of the structure of (I) along the c axis, showing the hydrogen-
bonding network between [Zn(H2O)6]2+ (brown octahedra), SO4

2�

(yellow tetrahedra) and C4H12N2
2+ ions. The hydrogen bonds formed

from water molecules are represented by thick dashed lines, while those
involving N atoms are shown by thin ones. H atoms have been omitted for
clarity.

Figure 2
A part of the crystal structure of (I), showing the asymmetric unit
(expanded by symmetry to give complete organic cations) and atom
numbering. Displacement ellipsoids are drawn at the 50% probability
level. Hydrogen bonds are represented by dashed lines. [Symmetry codes:
(i) 1 � x, 2 � y, �z; (ii) 1 � x, 2 � y, 1 � z.]
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