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The structure of [Mg(H2O)6]SO4 was redetermined at 120 K,

con®rming the hydrogen-bond pattern found at room

temperature [Zalkin et al. (1964). Acta Cryst. 17, 235±240]

but showing the librational corrections of bond lengths to be

unrealistic.

Comment

The crystal structure of the title complex, (I), known in nature

as the mineral hexahydrite, was determined at room

temperature by Zalkin et al. (1964), showing small but

signi®cant distortions of octahedral coordination of the Mg

atoms. To investigate this effect, we have redetermined the

structure of (I) at 120 K.

The structure contains two crystallographically non-

equivalent [Mg(H2O)6]2+ cations, the Mg1 and Mg2 atoms

occupying Wyckoff positions 4(a) at an inversion centre and

4(e) on a twofold axis, respectively. Each Mg atom has a

slightly distorted octahedral coordination with six water

molecules. The sulfate anion has no crystallographic

symmetry. Cations and anions are linked by a three-dimen-

sional network of hydrogen bonds, involving all H atoms. Of

the 12 hydrogen bonds, 11 are accepted by the anion and one

by the O8 atom of an aqua ligand.

The present study generally con®rmed the structure

(including the location of the H atoms) reported by Zalkin et

al. (1964). The latter reported a tetragonal distortion of the

coordination octahedron of Mg1, with distances Mg1ÐO5

2.046 (2), MgÐO6 2.044 (3) and MgÐO7 2.080 (2) AÊ . We

found a much smaller and irregular distortion, with distances

[corrected for libration according to Schomaker & Trueblood

(1968)] of 2.041 (2), 2.055 (2) and 2.066 (2) AÊ , respectively.

The distortion of the second cation, with a cis disposition of

the two longer MgÐO bonds, i.e. Mg2ÐO8 and its symme-

trical equivalent [2.083 (2) versus MgÐO9 2.054 (2) and MgÐ

O10 2.059 (3) AÊ ] is con®rmed in the present study. After

librational correction, we found Mg2ÐO8 2.083 (2), Mg2ÐO9

2.044 (2) and MgÐO10 2.052 (2) AÊ . The cause of this is

obvious: O8 is the only water O atom acting as an acceptor of a

hydrogen bond. On average, the MgÐO distances in the

present structure are increased by the librational corrections

by 0.004 AÊ , but still remain shorter than the distances

observed at room temperature (mean 2.06 AÊ ), which were

further corrected to an average of 2.07 AÊ .

The SÐO bond distances in the present study coincide

within one s.u. with the room-temperature data, which aver-

aged 1.473 (7) AÊ . Zalkin et al. (1964) reported that a libra-

tional correction (assuming the O atoms to ride on the S atom)

gave an average SÐO distance of 1.486 (4) AÊ , i.e.the thermal

libration accounted for a spurious shortening of 0.013 AÊ . At

120 K, we observed the <U2> to be approximately half that at

room temperature; thus the absence of any apparent length-

ening of SÐO bonds is noteworthy. Although the librational

correction reduced the discrepancies between SÐO distances,

these discrepancies do not, in fact, result from experimental

error but from the fact that the O2, O3 and O4 atoms [mean

SÐO 1.477 (3) AÊ ] accept three hydrogen bonds each, while

O2 [SÐO2 1.464 (1) AÊ ] accepts only two.

Experimental

Crystals were grown from a saturated aqueous solution at room

temperature.

Crystal data

[Mg(H2O)6]SO4

Mr = 228.47
Monoclinic, C2=c
a = 9.975 (2) AÊ

b = 7.186 (2) AÊ

c = 24.267 (6) AÊ

� = 98.78 (1)�

V = 1719.1 (7) AÊ 3

Z = 8

Dx = 1.765 Mg mÿ3

Mo K� radiation
Cell parameters from 552

re¯ections
� = 11.9±25.7�

� = 0.479 mmÿ1

T = 120 (2) K
Block, colourless
0.75 � 0.40 � 0.35 mm

Data collection

SMART 1K CCD area-detector
diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1998)
Tmin = 0.679, Tmax = 0.837

6251 measured re¯ections
1689 independent re¯ections

1604 re¯ections with I > 2�(I)
Rint = 0.020
�max = 26.91�

h = ÿ12! 12
k = ÿ8! 8
l = ÿ29! 29
Intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.029
wR(F 2) = 0.078
S = 1.189
1689 re¯ections
159 parameters
All H-atom parameters re®ned

w = 1/[�2(Fo
2) + (0.0341P)2

+ 3.3810P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.33 e AÊ ÿ3

��min = ÿ0.38 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

Mg1ÐO5 2.0385 (15)
Mg1ÐO6 2.0485 (15)
Mg1ÐO7 2.0601 (15)
Mg2ÐO9 2.0409 (16)
Mg2ÐO10 2.0491 (14)

Mg2ÐO8 2.0804 (16)
SÐO2 1.4638 (14)
SÐO4 1.4735 (14)
SÐO1 1.4764 (14)
SÐO3 1.4814 (14)

O5ÐMg1ÐO6 90.96 (7)
O5ÐMg1ÐO7 92.87 (6)

O6ÐMg1ÐO7 87.95 (7)
O9iÐMg2ÐO9 91.88 (9)
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O9ÐMg2ÐO10i 93.18 (7)
O9ÐMg2ÐO10 87.25 (7)
O10iÐMg2ÐO10 179.38 (10)
O9iÐMg2ÐO8 178.49 (7)

O9ÐMg2ÐO8 89.22 (6)
O10iÐMg2ÐO8 91.67 (6)
O10ÐMg2ÐO8 87.89 (6)
O8ÐMg2ÐO8i 89.69 (9)

Symmetry codes: (i) 2ÿ x; y; 1
2ÿ z.

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

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

O5ÐH1� � �O1 0.82 (3) 1.97 (3) 2.780 (2) 169 (3)
O5ÐH2� � �O3i 0.78 (3) 1.98 (3) 2.741 (2) 165 (3)
O6ÐH3� � �O3ii 0.78 (3) 1.94 (4) 2.720 (2) 178 (3)
O6ÐH4� � �O4 0.83 (3) 1.95 (3) 2.775 (2) 169 (3)
O7ÐH5� � �O4i 0.79 (3) 2.06 (3) 2.839 (2) 168 (3)
O7ÐH6� � �O3iii 0.80 (4) 2.09 (4) 2.874 (2) 165 (4)
O8ÐH7� � �O1iv 0.77 (3) 2.02 (3) 2.771 (2) 162 (3)
O8ÐH8� � �O2v 0.82 (3) 1.86 (3) 2.685 (2) 174 (3)
O9ÐH9� � �O2vi 0.79 (3) 1.94 (3) 2.725 (2) 172 (3)
O9ÐH10� � �O8vii 0.75 (3) 2.24 (3) 2.969 (2) 162 (3)
O10ÐH11� � �O1 0.80 (3) 1.99 (3) 2.784 (2) 168 (3)
O10ÐH12� � �O4viii 0.83 (3) 1.94 (3) 2.765 (2) 174 (3)

Symmetry codes: (i) xÿ 1
2;

1
2� y; z; (ii) xÿ 1

2; yÿ 1
2; z; (iii) 1 ÿ x; 1ÿ y;ÿz; (iv)

3
2ÿ x; 1

2� y; 1
2ÿ z; (v) 2ÿ x; 1� y; 1

2ÿ z; (vi) 2ÿ x; y; 1
2ÿ z; (vii) 3

2ÿ x; yÿ 1
2;

1
2ÿ z; (viii)

x; 1� y; z.

Data collection: SMART (Bruker, 1999); cell re®nement: SMART;

data reduction: SAINT (Bruker, 1999); program(s) used to solve

structure: SHELXTL (Bruker, 1997); program(s) used to re®ne

structure: SHELXTL; software used to prepare material for publi-

cation: SHELXTL.

The author thanks Mr P. Richmond for preparing crystal

samples and Professor J. A. K. Howard for helpful discussions.
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