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Hydrothermally prepared dilithium tin hexahydroxide crystal-

lizes in the monoclinic system (space group P21/n), with the Sn

atom at a site with 1 symmetry and all other atoms in general

positions. The Sn coordination polyhedron is made up of six

hydroxide groups. The Li atom is tetrahedrally coordinated by

oxygen, with the tetrahedra sharing two corners and one edge

with the adjacent Sn octahedra. Hydrogen bonds between the

OH groups provide additional bonds in the framework.

Comment

Recently, there has been much interest in tin oxide compounds

as anodes in high-energy-density lithium batteries (Idota et al.,

1997; Courtney & Dahn, 1997; Goward et al., 1999). In a search

for new anode materials and in an attempt to understand the

reduction mechanism of tin oxides, a systematic study of

lithium tin oxides has been made by our group. This work

presents the crystal structure of a new lithium tin hydroxide,

Li2Sn(OH)6, resulting from this study.

The title structure is built up from slightly distorted Li

tetrahedra and Sn octahedra (Fig. 1). Each Li tetrahedron

shares two corners and one edge with three Sn octahedra

(Fig. 2) to form a network. On the other hand, each Sn octa-

hedron that lies on the center of symmetry shares two

coplanar edges (O1±O2) and two corners (O3) to form a chain

along the a axis. Two corners (O2) of the Sn octahedron are

also shared with Li tetrahedra, even though they are already

involved in edge-sharing. The Sn±O2±Li-sharing links the

chains into a three-dimensional network. Three hydrogen

bonds (Table 2) between the OH groups form additional links

in the network.

This structure is related to the hydrated lithium tin

hydroxide compound Li2Sn(OH)6�2H2O reported previously

by Reuter & Bargon (1997). It crystallizes in space group

P21/n, with a = 5.023 (1), b = 6.923 (1) and c = 10.202 (3) AÊ ,

and � = 99.78 (1)�. In contrast with the title compound, there is

no edge-sharing in the hydrate, where each Li tetrahedron

shares three corners with Sn octahedra to form a three-

dimensional framework. The fourth corner is occupied by a

water molecule (Fig. 3). The presence of these water groups

increases the unit-cell volume from 257.6 AÊ 3 in the title

compound to 349.6 AÊ 3 in the hydrate.

An Li2Sn(OH)6 material reported by Nakata & Toyooka

(1997) also crystallizes in space group P21/n, with a =

10.2016 (5), b = 6.9246 (3) and c = 5.0255 (2) AÊ , and � =

99.764 (3)�. Interestingly, the cell dimensions for this

compound are essentially the same as those for the above-

mentioned crystallohydrate (the a and c axes are switched).

This structure was solved using powder diffraction data and

can be converted to the previous structure. However, while Sn

and three O atoms convert to the same type of atoms, Li atoms

convert to the O atoms of the water molecule. Thus, the water

molecule in this third structure was misinterpreted as Li.
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Figure 1
The structure of Li2Sn(OH)6, with displacement ellipsoids at the 50%
probability level. Symmetry codes: (i) ÿx, 1 ÿ y, 1 ÿ z; (ii) 1

2 ÿ x, y ÿ 1
2,

1
2 ÿ z; (iii) x ÿ 1

2,
3
2 ÿ y, 1

2 + z; (iv) 1 ÿ x, 1 ÿ y, 1 ÿ z; (v) x ÿ 1, y, z.

Figure 2
The three-dimensional structure of Li2Sn(OH)6. Sn(OH)6 are shown as
octahedra and Li atoms as balls.



Experimental

The title compound was prepared by hydrothermal treatment of SnO

(Fisher) and LiOH (Aldrich) in a molar ratio of 1:3. The LiOH

solution was prepared and then mixed with SnO powder and stirred

for 5 min. The cloudy liquid was transferred to a Parr reactor and

heated at 443 K for 3 d. The solution was cooled and ®ltered, and

white crystals of Li2Sn(OH)6 were separated manually from the gray

powder and dried at 330 K for 5 h.

Crystal data

Li2Sn(OH)6

Mr = 234.62
Monoclinic, P21/n
a = 5.1640 (6) AÊ

b = 5.4013 (7) AÊ

c = 9.2982 (11) AÊ

� = 96.596 (2)�

V = 257.63 (5) AÊ 3

Z = 2

Dx = 3.024 Mg mÿ3

Mo K� radiation
Cell parameters from 929

re¯ections
� = 8±57�

� = 4.90 mmÿ1

T = 293 (2) K
Irregular, colorless
0.12 � 0.08 � 0.06 mm

Data collection

Bruker SMART Apex CCD
diffractometer

! scans
Absorption correction:  scan

(SADABS; Sheldrick, 1996)
Tmin = 0.65, Tmax = 0.75

1511 measured re¯ections

617 independent re¯ections (92%
coverage)

Rint = 0.033
�max = 28.79�

h = ÿ6! 6
k = ÿ5! 7
l = ÿ11! 12
Intensity decay: negligible

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.017
wR(F 2) = 0.041
S = 1.058
617 re¯ections
56 parameters
All H-atom parameters re®ned

w = 1/[�2(Fo
2) + (0.0167P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max < 0.001
��max = 0.85 e AÊ ÿ3

��min = ÿ0.50 e AÊ ÿ3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coef®cient: 0.0132 (18)

All Sn and O atoms were located from the electron-density map.

The Li and H atoms were located from difference Fourier maps.

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

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

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

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

ORTEP-3 (Farrugia, 1997) and ATOMS (Dowty, 1999); software

used to prepare material for publication: SHELXL97.

This work was supported by the US Department of Energy

(Of®ce of Transportation Technologies) through the Lawrence

Berkeley Laboratory.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: BR1309). Services for accessing these data are
described at the back of the journal.

References

Bruker (1999). SMART and SAINT. Bruker AXS Inc., Madison, Wisconsin,
USA.

Courtney, I. A. & Dahn, J. R. (1997). J. Electrochem. Soc. 144, 2045±2052.
Dowty, E. (1999). ATOMS for Windows and Macintosh. Version 5. Shape

Software, 521 Hidden Valley Road, Kingsport, TN 37663, USA.
Farrugia, L. J. (1997). J. Appl. Cryst. 30, 565.
Goward, G. R., Leroux, F., Power, W. P., Ouvrard, G., Egami, T., Dmowski, W.

& Nazar, L. F. (1999). Electrochem. Solid-State Lett. 2, 367±371.
Idota, Y., Kubota, T., Matsufuji, A., Maekawa, Y. & Miyasaka, T. (1997).

Science, 276, 1395±1397.
Nakata, K. & Toyooka, H. (1997). Mem. Osaka Kyoiku University III Nat. Sci.

Appl. Sci. (Osaka Kyoiku Daigaku Kiyo B Shizenkagaku), 46, 57±65.
Reuter, H. & Bargon, G. (1997). Z. Anorg. Allg. Chem. 623, 1978±1982.
Sheldrick, G. M. (1990). Acta Cryst. A46, 467±473.
Sheldrick, G. M. (1996). SADABS. University of GoÈ ttingen, Germany.
Sheldrick, G. M. (1997). SHELXL97. University of GoÈ ttingen, Germany.

Acta Cryst. (2001). C57, 228±229 Shoufeng Yang et al. � Li2Sn(OH)6 229

inorganic compounds

Table 1
Selected geometric parameters (AÊ ).

SnÐO3 � 2 2.0388 (19)
SnÐO1 � 2 2.055 (2)
SnÐO2 � 2 2.063 (2)
LiÐO1 1.920 (5)

LiÐO3i 1.921 (5)
LiÐO2ii 2.023 (5)
LiÐO1ii 2.064 (5)

Symmetry codes: (i) xÿ 1
2;

3
2ÿ y; zÿ 1

2; (ii) 1
2ÿ x; 1

2� y; 1
2ÿ z.

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

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

O1ÐH1� � �O2i 0.64 (4) 2.23 (4) 2.847 (3) 165 (4)
O2ÐH2� � �O3ii 0.62 (3) 2.27 (3) 2.864 (3) 161 (4)
O3ÐH3� � �O2iii 0.72 (4) 2.34 (4) 3.020 (3) 158 (3)

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

2� y; 3
2ÿ z.Figure 3

The structure of the hydrate Li2Sn(OH)6�2H2O. Sn(OH)6 are shown as
octahedra, and Li atoms (crossed) and water molecules are shown as
balls.


