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Table 3. Selected bond lengths (A) and angles (°) with 
e.s.d. 's in parentheses 

n4tI 
O(l~t--H(1) 2 x 0.998 (3) 
H(l)--O(i)--H(l) 102.0 (2) 
O(3).-.O(1)...O(3) 90.7 (l) 

H20 II 
O(2)--H(21) 1.007 (3) 
O(2)--H(22) 1.007 (2) 
H(21)-4)(2)--H(22) 107.6 (2) 
O(3)'"O(2)'"O(3) 115"8 (l) 

OH- 
O(3)---H(3) 0.948 (3) 
H(3)---O(2) 2-275 (3) 

Hydrogen bonding 
H(I)...O(3) 2 x 1.696 (2) 
O(1)-..O(3) 2 x 2-686 (2) 
O(1)--H(1)..-O(3) 2 x 171"0 (2) 
H(21)-.-O(3) 1.667 (3) 
0(2)"-0(3) 2"668 (2) 
O(2)--H(21)-"O(3) 172"3 (2) 
H(22)'"O(3) 1.672 (2) 
0(2)'"0(3) 2.674 (2) 
O(2)--H(22)...O(3) 173.3 (2) 
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Abstract. Metastable  l i thium disilicate, Li2Si205, Mr 
= 150"05, or thorhombic ,  Pbcn, a = 5"683 (4), b = 
4.784 (5), c = 14-648 (13) ,~, V = 398.2 (6) A 3, Z = 4, 
Dx = 2"503 Mg m -3, A(Mo Ka) = 0-71069 A, /z = 
0"77 m m - l ,  F(000) = 296, T = 298 K, R = 0-063, wR 
= 0.071 for 366 independent  reflections. The struc- 
ture is similar  to that  of  a-Na2Si205 and consists of  
infinite silicate sheets, composed of  corner-sharing 
SiO4 tetrahedra,  with the Li a toms situated in tetra- 
hedral  sites between the sheets. 

Introduction. Ion exchange reactions potential ly pro- 
vide a chimie douce or convenient  low-temperature 
route to new materials.  The stable form of  Li2Si205 
is well known (Liebau, 1961). We have prepared a 
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new metastable  form by ion exchange of  Na2Si2Os. 
Its indexed powder  pattern showed clearly that  its 
unit  cell and space group differed from that  of  stable 
Li2Si205 and a full structural investigation was there- 
fore undertaken.  Metas table  Li2Si205 retains the sili- 
cate sheet configurat ion of  the parent  Na2Si205 (Pant 
& Cruickshank,  1968) and is different f rom that in 
stable Li2Si205. 

Experimental. Crystals of  Na2Si205 were prepared by 
crystallizing glass of  the same composi t ion at 1073 K 
for 14h.  Lumps  of  crystallized material  were 
immersed in mol ten LiNO3 at 573 K for 3 d after 
which they were removed,  washed in water and dried 
in an oven at 473 K. F r o m  these fragments  a plate- 
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Table 1. Atomic parameters for metastable Li2Si205 
E.s.d's are in parentheses. Positional parameters  and B U are x 104 

x y z Bi,o or B~q* (A 2) 
Li 8(d) 6043 (20) 3058 (21) 71492 (6) 1.59 (13) 
Si 8(d) 944 (3) 3062 (3) 3513 (1) 1.04 
O(1) 4(c) 0 2438 (10) 2500 1-66 
0(2) 8(d) -751 (8) 2127 (7) 4314 (2) 1.31 
0(3) 8(d) 3466 (7) 1434 (6) 3608 (2) 1.31 

BII B22 B33 823 BI3 BI2 
Si 139 (3) 48 (4) 10 (1) - 4  (3) - 12 (3) - 4  (8) 
0(1) 270 (20) 74 (19) lO (2) 0 -28  (10) 0 
0(2) 162 (12) 100 (13) 11 (1) 16 (7) 18 (7) - 3  (23) 
0(3) 180 (11) 33 (10) 15 (1) 10 (7) -25  (7) 21 (18) 

*B~q = (413)Y.~ZjBoa~.a:, where the correction for anisotropic 
thermal  vibration is o f  the form e x p [ - ( h 2 B u  + k2B22 + FB33 + 
hkB12 + hlB13 + klB23)]. 

Table 2. Selected bond lengths (A) and angles (o)for 
metastable Li2Si205 

Si coordinat ion Li coordinat ion 
Si--O(l) 1.605 (2) Li----O(2 i) 1.971 (11) 

----0(2) 1-583 (4) ---0(2 t~) 1.894 (12) 
--0(3) 1-638 (4) --O(2 iv) 2.026 (10) 
----0(3 i) 1.654 (3) --0(3) 2.104 (11) 

O(1)--Si--O(2) 115.4 (2) O(2i)--Li--O(2 ~) 107.1 (5) 
----0(3) 106.4 (2) - -0(2  i~) 96-6 (5) 
- -0(3  i) 109-1 (2) --0(3) 103.0 (5) 

0(2)--Si--4)(3) 109-6 (2) 0(2~)--Li--0(2 i~) 126-3 (6) 
---0(3 i) 109.6 (2) --0(3) 119.9 (5) 

0(3)--Si---0(3 ~) 106.2 (2) 0(2i')--Li--49(3) 99.5 (5) 

O(1) coordinat ion 0(2)  coordinat ion 
Si--O(1) 1.605 (2) x 2 O(2)--Si 1.583 (4) 
Si--O(1)--Si ~ 158.6 (2) --Li v 1.894 (12) 

--Li '~ 2.026 (lO) 
0(3)  coordinat ion --Li '~i 1.971 (11) 
O(3)--Li 2.104 (11) Si--O(2)--Lff 128.4 (4) 

--Si 1.638 (4) --Li '~ 110.3 (4) 
--Si ~i 1"654 (3) --Li ~ii I 15"4 (4) 

Li---O(3)--Si 119"1 (3) Li'----O(2)--Li '~ 112"1 (5) 
--Si '~ 105"7 (3) --Li ~ 97"6 (5) 

Si---O(3)--Si ~ 129"4 (2) Li'~---O(2)--Li '~ 83"3 (4) 

Symmetry  operations: (i) ½ - i .. 1 ... x, ~ + y, z; ( n )  - -  X,  y, ~ - z; (in) 1 + 
x, y, z; (iv) 2 a + x, ½ - y, 1 - z; (v) - 1 + x ,  y ,  z,(vl)" " - ~ + x , ~ - y , ~  ~ 1 

• " 1 I - z ;  (vn) z - x ,  - ~ + y ,  z. 

shaped crytal (0.5 x 0-3 × 0.15 mm) was selected for 
a single-crystal study. Nicolet P3 diffractometer. 
Graphite monochromator. Systematic absences: Okl, 
k = 2 n + l ;  h0/, l = 2 n + l ;  hkO, h + k = 2 n + l .  14 
reflections ( 1 7 < 2 0 < 1 8  ° ) for refining unit-cell 
dimensions, to--20 scan. 574 reflections measured (0 
< 20 < 60°), hkl, hmax = 8, kmax = 6, /max = 20. Scan 
width 2.4-2.8 ° in 20, scan speed 5.33-58-6 ° 
20 min-1. Two intensity reference reflections; no sig- 
nificant variation. Lorentz and polarization correc- 
tions applied in usual way, no absorption correction. 

Crystal structure solved by Patterson function and 
successive Fourier syntheses; anisotropic block- 
diagonal least-squares refinement (on F) for non-Li 
atoms, isotropic form Li atoms, w = 1/{1 + [(IFol- 
50)/20]2}. Final R=0.063, wR=0.071 for 366 

reflections [I> 3tr(/)]. Maximum shift/e.s.d in final 
least-squares cycle = 0.012 (for Li Biso). Maximum 
and minimum peak heights in final differencesynthe- 
sis: 1.42 and - 0 . 9 7 e A  -3. Scattering fac~rs for 
neutral atoms from International Tables fdr X-ray 
Crystallography (1974). NRC crystallographic pro- 
grams (Ahmed, Hall, Pippy & Huber, 1966) used for 
all calculations. STRUPL082 (Fischer, 1982) used 
for plotting all figures. Computer used: Honeywell 
DPS8/70 of the Computing Centre of the University 
of Aberdeen. 

Discussion. Tables 1 and 2 report final atomic coordi- 
nates, bond distances and bond angles of the crystal 
structure.* 

Fig. l(a) presents a projection of the silicate sheets 
in metastable Li2Si205 viewed along the b axis and 
shows clearly the corrugated sheets of SiO4 tetrahe- 
dra running parallel to the a direction. The corners 
of the tetrahedra represent the O atoms of the SiO4 
tetrahedra; the Si atoms are not shown. The circles 
represent Li atoms. The tetrahedra lie with one face, 
containing three O atoms, approximately parallel to 
the xz plane, the fourth O atom being situated either 
above or below this plane. Where all four corners of 
the tetrahedron are shown, the fourth O atom is 
situated above the plane of the other three, otherwise 
it is situated below this plane. 

The configurations of adjacent sheets in the c 
direction differ and are related by a c-glide plane ' 
perpendicular to b; hence the ZiOn tetrahedra in 

* Lists o f  structure factors have been deposited with the British 
Library Documen t  Supply Centre as Supplementary  Publication 
No. SUP 52367 (5 pp.). Copies m a y  be obtained through The 
Technical Editor, Internat ional  Union  o f  Crystal lography,  5 
Abbey  Square, Chester CH1 2HU,  England.  
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Fig. 1. (a) Projection o f  the structure o f  metastable Li2Si205 along 

[010]. (b) Projection o f  the structure o f  Li2Si205 along [001]. 
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adjacent sheets have the fourth O atom alternately 
above and below the plane of the other three and the 
tetrahedra in adjacent sheets appear to 'point '  in 
opposite directions, Fig. l(a). Li atoms are located 
between the sheets and are coordinated to three O 
atoms of one sheet and one O atom of the other. 
Bond distances and angles are reasonable for tetra- 
hedrally coordinated Li and Si (Liebau, 1985; Shan- 
non & Prewitt, 1969). 

Comparison of this structure and cell dimensions 
with that of the parent Na2Si205 [a = 6.409 (2), b = 
15.422 (4), c = 4.896 (2) ,~ (Pant & Cruickshank, 
1968)] shows that whereas b and c are only a few per 
cent less, a is approximately 15% less in the 
metastable Li2Si205 structure. The structural conse- 
quences are that the silicate sheets exhibit tighter 
corrugation in the a direction. This causes the Li 
coordination to be tetrahedral whereas the Na in 
Na2Si205 is closer to five coordinate (Pant & 
Cruickshank, 1968). 

It should also be noted that each of the three 
crystallographically independent O atoms has its 
own unique coordination with the Li and Si atoms. 
The bridging O atoms, O(1) and 0(3), are linearly 
and planar trigonally coordinated respectively, 
whereas the terminal O atom, O(2), is tetrahedrally 
coordinated, Table 2. 

The silicate sheet configuration in metastable Li2- 
5i205, Fig. l(a), differs from that in stable Li2Si205, 
Fig. l(b), (Liebau, 1961). In the latter the tetrahedra 
lie, as in the metastable form, with one face contain- 
ing three O atoms approximately parallel to the xy  
plane. The difference, however, lies in the position of 

the fourth O atom, which is always situated above 
the plane of the other three. Thus the tetrahedra 
'point '  in the same direction; the silicate sheets are in 
the same orientation and are simply related by 
C-centring. 

This significant difference in the geometry of the 
silicate sheets in the stable and metastable forms of 
Li2Si205 is reflected in the kinetic stability of the 
metastable form which shows no evidence of 
decomposition or transformation to the stable form 
at temperatures below 673 K. 

Thanks are due to SERC for a research 
studentship (RIS), the British Council for travel 
grants and the Royal Society of Edinburgh for a 
support fellowship (ARW). 
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Structure du Sulfure de Thulium et de Zinc ZnTm2S4 

PAR P. LEMOINE, A. TOMAS, T. VOVAN ET M. GUITTaaD 

Laboratoire de Chimie Mindrale Structurale, Unitd Associde au C N R S  n ° 200, 
Facult~ des Sciences Pharmaceutiques et Biologiques de Paris V, 4 Avenue de l'Observatoire, 

75270 Paris C E D E X  06, France 

(Regu le 9 mars 1989, acceptd le 3 juillet 1989) 

Abstract. Mr = 531.49, orthorhombic, Pnma, a = 
13.308 (5), b = 7.769 (3), c = 6.285 (2) A, V = 
649.8 (7) A 3, Z = 4, O m (293 K) = 5.3 (1), Dx = 
5.42 (3) Mg m -3, Mo Ka,  ,t = 0.71069 A, /~ = 
32.9 m m -  ~, F(000) = 232, T = 293 K, R = 0.0393 for 
573 observed reflections. ZnTm2S4 has the olivine 
structure. The Tm m atoms have an octahedral 
coordination (Tm--S:  2.671 to 2.744 A) and the Zn H 
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atoms a tetrahedral coordination (Zn--S: 2-294 to 
2.388/~). Distortions of the coordination octahedra 
and tetrahedra are discussed. 

Introduction. Les compos6s de formule ZnB2S4 
pr6sentent une structure de type spinelle direct pour 
B = Cr  3+ ou Sc 3+ (Raccah, Bouchard & Wold, 1966; 
Tressler, Hummel & Stubican, 1968), et une structure 
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