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Trigonal Mg8SiW9037 24.5HrO has been crystallized and its thermal dehydration studied. Its crystal 
structure (space group P3lc, a = 13.510(l), c = 15.554(2) A, 2 = 2) contains two different complex 
units, one of which is a group of four edge-sharing Mg06 octahedra, whereas the other contains the 
same arrangement as a base, onto which three groups of three edge-sharing W06 octahedra each are 
arranged so as to share comers with each other and with the base. This unit surrounds a tetrahedral 
interstice occupied by silicon. On heating, interstitial water is lost first, and then another trigonal 
heteropolytungstate of composition MgsSiW 9 0 37. 12H20 is formed (space group P3lc, a = 13.516(4), c 
xz 13.874(l) A, 2 = 2), differing from its parent compound by displacement of some magnesium atoms 
in such a way as to connect all the larger complex units, the smaller ones being destroyed. The 
displaced magnesium is now in an unusual fivefold coordination. Dehydration up to this point is highly 
topotactic and reversible. On further heating, the remaining water is lost and the lattice collapses into 
an amorphous state, which at higher temperatures crystallizes into a phase similar to high-temperature 
MgW04 and then transforms into the stable wolframite structure of MgWO,, . o 1987 Academic press, IW. 

Introduction tion behavior of the needle-shaped crystals, 
as well as with the results of single-crystal 

Experiments aimed at reproducing the X-ray diffraction structure determinations 
preparation of a phase described as cubic of these and one of their dehydration prod- 
MgW04 (2) led to the crystallization of ucts. 
three distinctly different products: rhombic 
dodecahedra of the cubic phase, conse- 
quently found to consist of a new type of Experimental 

heteropolytungstate (2), strongly aggre- Equal volumes of 1 M solutions of mag- 
gated platelets of MgW04 * 2H20 (3), and nesium chloride and of sodium tungstate 
needles with a hexagonal cross section. were mixed at room temperature, sealed in 
None of these phases corresponds to any of Pyrex tubes filled to 90-95%, and stored at 
the compounds which are described in the 90°C for one to several weeks. The glass 
literature about the system Mg/W/O/H*O, walls were then found to be covered with a 
compiled in (3). The present paper deals white layer of crystals, from which the hex- 
with the preparation and thermal dehydra- agonal needles were isolated mechanically 

* Author to whom correspondence should be ad- under a binocular. Their thermal dehydra- 
dressed. tion was followed by thermogravimetry and 
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differential thermal analysis (Mettler TA 
2000C and Perkin-Elmer TGS-2), as well 
as by continuous high-temperature X-ray 
powder diffraction (Guinier-LennC cam- 
era, Nonius Delft NL, CuKa! radiation). 
Scanning electron micrographs were re- 
corded by means of a microscope Stereos- 
can S-4 (Cambridge Instruments) and the 
elemental composition was determined by 
energy-dispersive X-ray spectroscopy 
(EDAX). The latter showed the absence of 
all elements with Z > 11 except for Mg and 
W, with an approximate atomic ratio of 1 : 1 
for these two metals. However, the crystal 
structure analysis suggested an incorpora- 
tion of Si from the Pyrex tubes, and this 
element cannot be analyzed by energy-dis- 
persive spectroscopy in the presence of W 
because of peak overlap. Therefore, addi- 
tional analyses were performed by means 
of an electron beam microanalyzer (ARL) 
equipped with a wavelength-dispersive 
crystal spectrometer, and indeed showed 
the presence of more than trace amounts of 
Si. As the crystals dehydrated visibly (com- 
pare Fig. 4) within the vacuum of the instru- 
ment, the analytical results were compared 
with the formula derived from crystal struc- 
ture analysis of the partly dehydrated com- 
pound B (Mg,SiWY03, * 12H20): 

experimental: Mg, 7.1 wt%; Si, 1.0 
wt%; W, 63.8 wt%; 0 (diff.), 28.1 wt% (av- 
erage from 19 measurements); 

calculated: Mg, 7.2 wt%; Si, 1 .I wt%; 
W, 61.6 wt%; O/HzO, 30.1 wt%. 
The water content was checked by thermal 
analysis, the experimental value being 15.5 
wt% compared to 15.2 wt% calculated from 
the formula. 

Crystal Structure Determination of 
MgsSiW903, - 24.5HzO (Compound A) 

Preliminary Weissenberg and precession 
photographs of compound A suggested a 
hexagonal symmetry, but inspection of the 
upper-level precession photographs re- 

vealed a slight deviation from it. From ex- 
tinction conditions 0001, 1 = 2n and hh2h_l, 1 
= 2n only, space groups P31c and P31c 
were possible. A white, needle-shaped 
crystal with hexagonal cross section (di- 
mensions 0.035 X 0.035 X 0.15 mm) was 
mounted on an Enraf Nonius CAD4 single- 
crystal diffractometer with its crystallo- 
graphic c-axis parallel to the @-axis of the 
diffractometer. Monochromatic MoK, radi- 
ation (h = 0.7107 A) was used. The lattice 
parameters were refined with 25 automati- 
cally centered reflections (range 12.6 < 8 < 
16.8”) to a = 13.510(l), c = 15.554(2) A, V 
= 2458 A3. Out to 8 = 30” a total of 10,496 
reflections were recorded using the w - 20- 
scan technique with Miller indices running 
from -19 to 19 for h, -3 to 19 fork, and -3 
to 21 for 1. Five orientation control reflec- 
tions were remeasured every 250 recorded 
data and the stability of the intensity was 
checked by 5 reflections every 10,000 set of 
measuring time. No decay was detectable. 
To diminish the bias, which is introduced if 
the reflections with negative intensities are 
omitted, all data with intensity lower than 
0.5a(Z) were processed as 0.25cr(Z) and in- 
cluded in the data set. The averaging of the 
reflections led to 2941 unique data. 
Lorentz, polarization, and numerical ab- 
sorption corrections (minimum transmis- 
sion 0.500 and maximum transmission 
0.569; Rint = 0.015 based on F,) were ap- 
plied. The structure was solved using the 
Patterson interpretation routine in 
SHELXS-84 (4) assuming the acentric 
space group P31c and subsequent differ- 
ence Fourier syntheses. In the final stages 
all metal atoms were refined anisotropically 
using 1581 unique data with F > 5u(F). At 
convergence (A/a) 5 0.006. One oxygen 
atom was located with an unusually high 
isotropic temperature factor and with no 
bonds to metal atoms. The reason for this 
high-temperature factor may be the partial 
occupation of the sixfold position. There- 
fore, for the refinement of the site occupa- 
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tion factor the temperature factor of this 
atom was fixed at a value which corre- 
sponds to the mean isotropic temperature 
factor of the other oxygen atoms. The re- 
fined occupation factor was then 0.82, 
which is nearly equal to five 0 atoms, lead- 
ing to a formula of MgsStW9037 * 24.5H20, 
with formula weight M = 2910.2, or. = 203.6 
cm-l, and Z = 2. The weighting scheme w 
= k/(cr2(F) + 0.0003F2) (k refined to 1.34) 
was based on intensity statistics and 
showed no dependence of the function min- 
imized upon the magnitude of F,, or (sin 8/ 
A). The final difference Fourier map exhib- 
ited as highest peak 3.5 e-IA3 near the 
heavy atoms and -3.1 e-/A3 as hole. Final 
R and WR were 0.051 and 0.039, respec- 
tively. The absolute configuration was de- 
termined by reversing the signs of the coor- 
dinates of all atoms. The wR obtained in 
that way was 0.051, which is significantly 
higher than the WR for the configuration 
chosen for the structure determination. 
This conclusion was supported by applying 
the Hamilton test (5). 

Crystal Structure of Compound A 

The atomic coordinates and thermal pa- 
rameters, as well as the bond distances and 
angles, are summarized in Tables I and II, 
respectively. The relatively high standard 
deviations may be due to the lack of a good 
absorption correction. A projection of the 
structure along [OOI] is displayed in Fig. 1. 
The two distinctly different isolated com- 
plex building units may be described as fol- 
lows: one (unit (1)) consists of four edge- 
sharing Mg06 octahedra containing Mg(2) 
and Mg(3) atoms. The Mg-0 distances 
range from 2.05(3) to 2.15(3) A for Mg(2) 
and from 2.08(3) to 2.10(3) A for Mg(3). 
These Mg-0 distances are normal and are 
observed in many MgO, octahedra-contain- 
ing compounds (3,6). The 0-Mg-0 angles 
indicate only a slight distortion from the 
ideal octahedral symmetry. The second 

TABLE I 

POSITIONAL COORDINATES AND THERMAL 

PARAMETERS FOR Mg8SiW903, . 24.5Hz0 
(COMPOUND A)” 

Atom x/u 

WI) 
W(2) 
W(3) 
WI) 
Md2) 
Md3) 
MIS(~) 
Si 

00) 
O(2) 
O(3) 
O(4) 
O(S) 
W-5) 
O(7) 
O(8) 
O(9) 
O(10) 
O(111 
O(W 
O(l3) 

004) 
O(15) 
‘X16) 
O(l7) 
O(18) 
O(l9) 
o(m) 
O(21) 
O(22) 

Atom 

0.6536(l) 
0.9109(2) 
0.2301(2) 
0.5821(10) 
0.9202(10) 
0.0000 
0.3333 
0.3333 
0.624(2) 
1.046(2) 
0.819(2) 
0.947(2) 
0.082(2) 
0.890(2) 
l&57(2) 
0.637(2) 
O&7(2) 
0.392(2) 
0.837(2) 
0.199(2) 
0.276(2) 
0.988(3) 
0.427(2) 
0.500(2) 
0.77X3) 
0.910(2) 
0.259(2) 
l.lXil 
0.333 
0.430(3) 

y/b 

0.5849(l) 
0.6061(2) 
0.4831(2) 
0.3992(11) 
0.8467(S) 
O.OOC@ 
0.6667 
0.6667 
0.692(2) 
0.727(2) 

0.677(3) 
0.489(2) 
0.400(2) 
0.565(2) 
0.931(2) 
0.542(2) 
0.723(2) 
0.596(2) 
0.69X2) 
0.427(2) 
0.38612) 
0.762(3) 
0.80612) 
0.460(3) 
0.759(3) 
0.862(2) 
0.537(2) 
1.000 
0.667 
0.835(3) 

z/c 

0.0050 
0.0039(2) 
0.3237(2) 
0.1910(10) 
0.2780(9) 
0.440@15) 
0.8542(18) 
0.5137(19) 
O.culS(2) 
0.004(2) 
0.013(3) 

-0.027(2) 
0.373(2) 
0.116(2) 
0.353(2) 
0.114(2) 
0.766(2) 
0.313(2) 
0.356(2) 
0.220(2) 
0.37X2) 
0.211(2) 
0.937(2) 
0.283(2) 
0.199(2) 
0.523(2) 
0.475(2) 
0.211(4) 
O&09(4) 
O.lll(3) 

- 
0.012(2) 
O.OlO(2) 
0.012(2) 
0.015(11) 
0.009(10) 
0.008(15) 
0.020(18) 
0.cw(14) 
0.019(6) 
0.017(6) 
0.019(6) 
0.012(5, 
0.019(6) 
0.022(7) 
O.OlO(5) 
0.018(6) 
0.020(6) 
0.005(5) 
0.023(7) 
0.024(6) 
0.021(6) 
0.032(S) 
0.028(7) 
0.026(7) 
0.033(S) 
0.021(7) 
0.013(5) 
0.033(14) 
0.032(13) 
0.032 

W(I) 0.012(l) 0.009(l) 0.015(l) 0.002(1) O.cwl) 0.007(l) 

W(2) 0.007(l) 0.008(l) 0.016(l) 0.oooiI) 0.ooo(1) 0.002(l) 
W(3) 0.014(l) 0.011(l) 0.0l1(1) -0.003(l) -O.cO1(1) 0.005(l) 
Mg(l) 0.0X’(5) 0.023(7) 0.012(7) -0.012(7) -0.001(6) O.OlO(5) 

Mg(2) 0.009(6) 0.007(6) 0.012(7) -0.006(S) -0.006(6) O.ool(5) 

Mg(3) 0.007(6) 0X07(6) O.OlWl2) 0.000 O.OMl 0.004(3) 
Mg(4) 0.01 l(6) 0.01 l(6) 0.037(16) O.WO 0.000 0.006(3) 
Si 0.002(5) 0.002(5) 0.008(12) O.ooO O.WO O.OOl(3) 

n Standard deviations in the last significant digits are given m paren- 
theses. The IJcs is defined as one-third of the trace of the orthogonalired 
U tensor. For the oxygen atoms IJeq is equal to the isotropic temperature 
factor. 

comlex building unit (unit (2)) contains an 
arrangement similar to unit (1) with 
Mg(1)06 and Mg(4)06 octahedra as base, 
onto which three groups of three edgelshar- 
ing W coordination octahedra each are ar- 
ranged so as to share corners with each 
other and the base. This unit surrounds a 
tetrahedral interstice occupied by Si. 

If the metal atoms in the octahedra of this 



NEW MAGNESIUM HETEROPOLYTUNGSTATES 205 

TABLE 11 

BOND DISTANCES (A) AND ANGLES (“) IN MgsSiW903, . 24.5H20 (COMPOUND A) 
- 

W(l) -O(l) 
W(l) -O(8) 
W(l) -O(4) 
W(1) -O(3) 
W(1) -0w 
W(1) -0(19) 

W(2) -O(2) 
W(2) -O(6) 
W(2) -O(3) 
W(2) -O(4) 
W(2) -0(13) 
W(2) -O( 19) 

W(3) -0(12) 
W(3) -0(13) 
W(3) -00) 
W(3) -O( 10) 
W(3) -O(lO) 
W(3) -0(19) 

Mg(l)-06’) 
Mg( 1b-O@) 
Mg(l)-O(9) 
Mg( 1 )-O(6) 
Mg(l)-O(21) 
Mg(lMX16) 

Mg(2)-0(7) 
MN-OW 
MgCWO(20) 
&G+0(7) 
Mg(2)-O(l7) 
Mg(2)-O(l1) 

Si -0(19) 
Si -0(21) 

1.68(3) 
1.77(3) 
1.89(3) 
1.94(2) 
2.09(3) 
2.31(2) 

1.74(2) 
1.81(3) 
1.92(3) 
1.94(3) 
2.03(3) 
2.34(3) 

1.73(3) 
1.89(3) 
1.90(2) 
1.90(2) 
1.95(2) 
2.43(3) 

2.02(3) 
2.07(3) 
2.07(3) 
2.08(3) 
2.17(4) 
2.21(4) 

2.05(3) 
2.06(4) 
2.07(3) 
2.08(2) 
2.09(3) 
2.15(3) 

2.08(3) 3 x 
2.11(3) 3x 

2.09(3) 3x 
2.10(3) 3x 

1.64(2) 3x 
1.48(6) 

O(1) -W(l)-O(8) 
O(1) -W(l)-O(4) 
O(1) -W(l)-O(3) 
O(1) -W(l)-O(5) 
O(1) -W(l)-O(l9) 
O(8) -W(l)-O(4) 
O(8) -W(l)-O(3) 
O(8) -W( 1)-O(5) 
O(8) -W(l)-0(19) 
O(4) -W(l)-O(3) 
O(4) -W( 1)-O(5) 
O(4) -W(l)-O(l9) 
O(3) -W(l)-O(5) 
O(3) -W(l)-O(l9) 
O(5) -W(l)-O(l9) 

O(2) -W(2)-O(6) 
O(2) -W(2)-O(3) 
O(2) -W(2)-O(4) 
O(2) -W(2)-O( 13) 
O(2) -W(2)-O(l9) 
O(6) -W(2)-O(3) 
O(6) -W(2)-O(4) 
O(6) -W(2)-0(13) 
O(6) -W(2)-0(19) 
O(3) -W(2)-O(4) 
O(3) -W(2)-O(13) 
O(3) -W(2)-O( 19) 
O(4) -W(2)-O(l3) 
O(4) -W(2)-O(l9) 
0(13)-W(2)-0(19) 

O( 12)-W(3)-O(13) 
O( 12)-W(3)-0( 10) 
0(12)-W(3)-O(5) 
0(12)-W(3)-O(l0) 
0(12)-W(3)-O(l9) 
0(13)-w(3)-0(10) 
0(13)-W(3)-O(5) 
0(13)-w(3)-0(10) 
0(13)-W(3)-O(l9) 
O( lO)-W(3)-O(5) 
o(lo)-w(3)-o(lo) 
0(10)-w(3)-0(19) 
O(5) -W(3)-O(l0) 
O(5) -W(3)-O(l9) 
0(10)-w(3)-0(19) 

104(l) 
102(l) 
98(l) 
91(l) 

165(l) 
93(l) 
94(l) 

165(l) 
89(l) 

157(l) 
83(l) 
84(l) 
85(.1) 
74(l) 
76(l) 

102( 1) 
100(l) 
101(l) 
93(l) 

166(l) 
92(l) 
93(l) 

164(l) 
90(l) 

157(l) 
85(l) 
74(l) 
84(l) 
84(l) 
74(l) 

101(l) 
101(l) 
99(l) 

101(l) 
173(l) 
158(l) 
92(i) 
87(l) 
75(l) 
87(l) 
86(l) 
84(l) 

160(l) 
76(l) 
84(l) 

O(9) -Mg(lbO@) 
O(9) -Mg(l)-O(9) 
O(9) -Mg( 1)-O(6) 

95(l) 
84(l) 

178(l) 

O(9) -Mg(l)-O(21) 
O(9) -Mg(l)-O(l6) 
O(8) -Mg( 1 )-O(9) 
O(8) -Mg(l)-O(6) 
O(8) -Mg(l)-O(21) 
O(8) -Mg(l)-O(l6) 
O(9) - W 1 )-O(6) 
O(9) -Mg(l)-O(21) 
O(9) -M&1)-0(16) 
O(6) -Mg(l)-O(21) 
O(6) -Mg(l)-O(l6) 
0(21)-M&1)-0(16) 

88(i) 
89(l) 

177(l) 
87(l) 
91(l) 
93(l) 
95(l) 
86(l) 
90(l) 
93(l) 
90(l) 

175(l) 

O(7) -Mg(2)-O( 14) 
O(7) -Mg(2)-O(20) 
O(7) -Mg(2)-O(l7) 
O(7) -MifO-O(7) 
O(7) -Mg(2)-O(l1) 
0(14)-Mg(2)-O(20) 
0(14)-M&2)-0(7) 
0(14)-Mg(2)-O(l7) 
O( 14)-Mg(2)-O( 11) 
0(20)-Mg(2)-O(7) 
0(20)-Mg(2)-O(l7) 
0(20)-Mg(2)-O(l1) 
O(7) -Mg(2)-O( 17) 
O(7) -Mg(2)-O(l1) 
0(17)-Mg(2)-O(l1) 

175(l) 
83(l) 
99(l) 
85(l) 
93(l) 
99(l) 
91(l) 
W1) 
86(l) 
82(l) 
99(l) 

175(2) 
177(l) 
9fX1) 
84(l) 

0(18)-Mg(3)-O(l8) 86(l) 3x 
0(18)-Mg(3)-O(7) 172(l) 3x 
O(7) -Mg(3)-W) 101(l) 3x 
0(18)-Mg(3)-O(7) 91(l) 3x 
0(18)-Mg(3)-O(7) 82(l) 3x 

O(9) -Mg(4)-O(9) 
O(9) -Mg(4)-O(l5) 
O(9) -Mg(4)-O( 15) 
O(9) -Mg(4)-O( 15) 
0(15)-Mg(4)-O(l5) 

82(l) 3x 
93(l) 3x 
99(l) 3x 

174(l) 3x 
86(l) 3x 

0(21)-Si -0(19) 
O( 19)-Si -0(19) 

112(l) 3x 
107(l) 3x 

unit are considered to be all of the same Keggin structure is based on a central X04 
kind, it may be described as a Keggin struc- tetrahedron (here SiOJ surrounded by 
ture with one additional octahedron: the twelve MO6 octahedra arranged in four 
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FIG. 1. Projection along [OOl] of the crystal structure 
of Mg8SiW903, . 24.5H20 (compound A). Narrowly 
shaded: Mg coordination octahedra; widely shaded: W 
coordination octahedra; unshaded: Mg coordination 
octahedra on a different level. Interstitial water mole- 
cules not coordinated to metal atoms are omitted (15). 

groups of three edge-sharing octahedra. 
These groups are linked by common cor- 
ners with each other and with the central 
tetrahedron. The additional octahedron is 
connected to one of the threefold groups by 
three common edges. 

All the W06 octahedra are of type (I) as 
defined by (7). In the W(1) and W(2) octa- 
hedra the metal atoms are clearly displaced 
from the centers towards the terminal oxy- 
gen atoms, thus forming one distinctly 
shorter bond. Additionally both types of 
tungsten atoms are surrounded by four 
bridging oxygen atoms with W-O distances 
ranging from 1.77(3) to 2.09(3) A and one 
central oxygen atom (0(19)) with an elon- 
gated W-O bond length of 2.30(2) A for 
W(1) and 2.34(3) A for W(2). The environ- 
ment of the third tungsten atom W(3) is 
more regular compared with that of W(1) 
and W(2). The W(3)06 octahedron is also of 
type (I) because the metal atom is displaced 
from the center towards the terminal 0 
atom (W(3)-0(12): 1.73(3) A). The dis- 
tances between W(3) and the four bridging 
0 atoms range from 1.89(3) to 1.95(2) A. 
The octahedron around W(3) is completed 
by the central 0 atom 0(19) with a bond 
length of 2.44(3) A. Labelling the terminal 

oxygen atoms as OA, the bridging 0 atoms 
as Oe, and the central 0 atoms as Oc we 
have calculated mean values W-OA = 1.72, 
W-Oa = 1.92, and W-Oc = 2.36 A. Bond 
length-bond strength correlations s of the 
form s = (RI/R)N, where s is Pauling’s bond 
strength (bond valence), R is the metal-ox- 
ygen bond length, and RI and N are empiri- 
cal parameters (R i = 1.904 A and N = 6.0) 
(16), applied to W-04 lead to smean = 1.84. 
This value is smaller than the estimated 
s,,,” for W-OA in the hexametalate ions 
W60& (2.04) and larger than in Anderson 
structure anions like (Ni06W60i8)8- (1.5). 
The Smear for W-OB and W-0~ is 0.95 and 
0.28, respectively, and thus about the same 
as calculated for W60:F (0.95 and 0.30) (8). 
The OA-W-OB angles range from 91(l) to 
104(l)” for W(l), from 93(l) to 102(l)” for 
W(2) and from 99(l) to lOl( 1)” for W(3). 
The OS-W-OB angles between neighboring 
W-O bonds range from 83(l) to 94(l)” and 
those between W-O bonds extending on 
the opposite sides from a W atom range 
from 154(l) to 165(l)“. The W-W distances 
are between 3.398(l) and 3.411(l) A and are 
typical for polytungstates (9, 10). 

The Si-0 distances are in the region 
found in other heteropolytungstates with 
one relatively short Si-0 bond of 1.48 A 
(7). Unfortunately, the oxygen atoms could 
not be refined anisotropically and therefore 
a libration correction could not be applied. 
Nevertheless, the 0-Si-0 angles deviate 
only a little from the ideal tetrahedral envi- 
ronment (see Table II). 

The Mg(l)Ob and Mg(4)06 octahedra are 
rather normal with Mg-0 distances and O- 
Mg-0 angles as observed in other MgOh- 
containing compounds (6). The interstitial 
water molecules are situated between the 
two complex building units. The shortest 
distance between metal atoms and the oxy- 
gen atom 0(22) is 3.66 A. The shortest 
separations between oxygen atoms and 
the water molecule are in the range 2.73 to 
3.13 A. 
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Initial Steps of Thermal Dehydration 

The thermogravimetric curve (Fig. 2) re- 
veals a first weight loss of about 1.4% below 
100°C. This step of the dehydration reac- 
tion is also observed on the heating X-ray 
powder diffraction diagram (Fig. 3) as a 
slight shortening of the c-axis dimension by 
= IS%, the length of the other axes remain- 
ing unaffected. From the magnitude of the 
weight loss and the minimal change in unit 
cell dimensions, we conclude that this step 
of the reaction corresponds to the release of 
the interstitial water on the incompletely 
occupied crystallographic position. On fur- 
ther heating, more water is driven off be- 
tween 100 and 210°C. The weight loss in 
this second step amounts to 9.9%. The 
high-temperature X-ray powder diffraction 
pattern shows this step to be associated 
with a much more pronounced shortening 
of the c-axis from 15.554 to 13.87 A, 
whereas the other axes again remain essen- 
tially unaffected. The whole dehydration 
process up to this point is fully reversible 
and of an extremely high degree of topo- 
taxy. This may be illustrated by the fact 

W(X) 4 

TG 

80 
i endo 

I . 
100 200 300 400 500 600 TC’C) 

FIG. 2. Thermogravimetry and differential thermal 
analysis curves for MggS1WgOj7 . 24.SHzO. Sample 
weight: 13.5 mg; atmosphere: flowing air; heating rate: 
4Vmin. 
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FIG. 3. Continuous high-temperature X-ray powder 
diffraction pattern of Mg8SiW903, . 24.SH20 (Guinier- 
LennC camera, CuK, radiation). 

that a single crystal of compound A, which 
has been oriented on the CAD4 diffractom- 
eter and the heated to 200°C still yields 
sharp X-ray diffraction peaks, correspond- 
ing to the cell with reduced c, and after 
standing in air for 3 weeks again behaves 
largely as a single crystal, but has regained 
its original unit cell dimensions of com- 
pound A. The high degree of topotaxy is 
also evident from scanning electron micro- 
graphs (Fig. 4), which show the original 
needle-shaped crystals to contain strictly 
oriented cracks only perpendicular to the 
needle axis (c). This unusually high degree 
of perfect orientation of the product crys- 
tallites has made it possible to determine 
the crystal structure of the compound dehy- 
drated to this stage by means of the four- 
circle diffractometer. This dehydrated 
pseudomorphous compound will conse- 
quently be named compound B. As the 
steps in the thermogravimetric curve are 
not clearly separated, the measured weight 
loss may not be used for an exact determi- 
nation of the stoichiometry of compound B. 
Indeed, its crystal structure determination 
indicates a formula MgsSiW9037 . 12H20, 
for which the second step of dehydration 
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FIG. 4. Scanning electron micrograph of MgXSiW901, 24.5 HIO crystals dehydrated at 200°C to 
MgXSiW90J7 12H:O (compound B) pseudomorphs. 

would correspond to a weight loss of only 
8.0%. 

Crystal Structure Determination of 
Mg8SiW9037 * 12HzO (Compound B) 

Single crystals of compound A dehy- 
drated isothermally at 200°C were investi- 
gated with the Weissenberg and precession 
film techniques to confirm their pseudo-sin- 
gle-crystal state and to determine their 
crystal system and space group. All crys- 
tals studied in this way showed a broaden- 
ing of the reflections with high 1 indices and 
are more or less of poor quality. A few 
crystals even revealed weak diffuse reflec- 
tions which contradict the extinction condi- 

tions of space group P3 1 c. A crystal of the 
dehydrated compound with dimensions 
0.06 x 0.035 x 0.165 mm was mounted on a 
Syntex P21 diffractometer with the needle 
axis parallel to the @axis of the diffractom- 
eter. The lattice parameters a = 13.516(4), 
c = 13.874(l) A, and V = 2195 A3, as well 
as the orientation matrix, were determined 
using 16 reflections in the range 15 < 8 < 
22”. A total of 7097 reflections were col- 
lected with the o-scan technique (scan an- 
gle 3”, graphite monochromatized MO& ra- 
diation, A = 0.7107 A> up to 8 = 30” with 
Miller indices running from - 19 to 19 for h, 
0 to 19 for k, and 0 to 19 for 1. Four orienta- 
tion control reflections were remeasured 
every 150 data. The intensity was checked 
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by four reflections which were remeasured 
after 9000 set of measuring time. Small an- 
isotropic decay (~8%); Lorentz, polar- 
ization, and numerical absorption correc- 
tions (minimum transmission 0.375 and 
maximum transmission 0.547; p = 227 
cm-’ ; Rint = 0.02 based on F,) were applied. 
For the structure determination, the atomic 
parameters of the tungsten atoms of com- 
pound A were used as starting parameters. 
All other atoms could be located by subse- 
quent difference Fourier syntheses. In the 
final stages the metal atoms were refined 
anisotropically using 1585 unique data with 
F > 6a(F). At convergence (A/a> 5 0.07. 
Final R and WR are 0.091 and 0.097, respec- 
tively. The weighting scheme w = kl(cr*(F) 
+ 0.00026F2) (k refined to 5.4) was based on 
intensity statistics and showed a small de- 
pendence of the function minimized upon 
the magnitude of F,. The final difference 
Fourier map showed as highest peak 8.7 e-i 
A3 and -6.6 e-/A3 as hole. To determine 
the absolute configuration of the structure 
we have reversed the signs of the atomic 
coordinates. The wR value obtained was 
0.097, which is exactly the same as for the 
configuration chosen for the refinement 
process. Therefore we could not decide 
whether we have chosen the correct config- 
uration, but the similarities between the 
structures of compound A and compound B 
suggested that the decision was correct. 

Both structures were refined with a full- 
matrix least-squares procedure using 
SHELX-76 (11). The scattering factors for 
the neutral atoms as well as the corrections 
for anomalous dispersion for both com- 
pounds were taken from (12 ). 

Crystal Structure of Compound B 

The atomic coordinates and thermal pa- 
rameters are listed in Tables III and IV, 
respectively. The relatively high standard 
deviations are due to the poor quality of the 
measured pseudocrystal. A projection of 

the structure along [OOl] is drawn in Fig. 5. 
As mentioned above, compound B is a de- 
hydrated product of compound A. The de- 
hydration leads to a shortening of the c-axis 
by about ll%, whereas the lengths of the 
other two axes are almost not affected. The 
structure shows some features that are dif- 
ferent from that of compound A. The com- 
plex building unit (1) formed by four edge- 
sharing Mg06 octahedra in A is now 
destroyed. The Mg(2) atoms have moved in 
the direction of unit (2) and their octahedral 
environment is lost. Mg(2) is now sur- 
rounded by only five oxygen atoms. Its co- 
ordination polyhedron may be described as 
a distorted rectangular pyramid. This poly- 
hedron is connected by common edges to 
the complex building unit (2) (see Table V), 
linking these units three-dimensionally by 
corner-sharing. The Mg-0 distances in this 
unusual coordination polyhedron range 
from 1.98(8) to 2.21(7) A and are rather nor- 
mal for Mg-0 bond distances. The O-Mg- 
0 angles between neighboring oxygen at- 
oms are between 80(2) and 95(2)“, whereas 
the other angles are between 118(3) and 
147(3)“. 

The Mg(3)06 octahedron remains essen- 
tially in the same position as in compound 
A and is nearly equally distorted compared 
with the Mg(3)06 octahedron in compound 
A, but now remains isolated. 

FIG. 5. Projection along [OOl] of the crystal structure 
of MgsSiW903, . 12Hz0 (compound B). Narrowly 
shaded: Mg coordination polyhedra; widely shaded: W 
coordination octahedra (15). 
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TABLE III 

POSITIONAL COORDINATESANDTHERMALPARAMETERS FOR 
Mg8SiW903, . 12Hz0 (COMPOUND B)” 

Atom x/a y/b zlc oa, 

W(l) 
WC4 
W(3) 
MN) 
M&T 
Mid3 
W(4) 
Si 
O(l) 
069 
O(3) 
O(4) 
O(5) 
O(6) 
O(7) 
O(8) 
O(9) 
OUO) 
O(12) 
(X13) 
OW) 
W6) 
W8) 
O(19) 
WI) 

0.6752(3) 
0.9228(3) 
0.2419(3) 
0.5871(19) 
0.5203(19) 
o.oooo 
0.3333 
0.3333 
0.708(4) 
0.069(5) 
0.840(4) 
0.949(3) 
O.lOl(3) 
0.902(4) 
0.073(5) 
O&63(4) 
0.266(3) 
0.393(3) 
0.217(4) 
0.293(4) 
0.393(6) 
0.504(7) 
0.933(4) 
0.265(3) 
0.333 

0.5969(3) 
0.5979(3) 
0.4837(2) 
0.411 l(20) 
0.7593(22) 
0.0000 
0.6667 
0.6667 
O&46(4) 
0.716(5) 
0.687(3) 
0.472(3) 
0.396(4) 
0.562(4) 
0.927(5) 
0.563(4) 
0.733(3) 
0.609(3) 
0.431(4) 
0.394(4) 
0.797(4) 
0.479(7) 
0.858(3) 
0.528(3) 
0.667 

0.0050 
0.0051(3) 
0.3021(3) 
0.2125(14) 
0.0503(17) 
0.4620(24) 
0.9037(27) 
0.5055(56) 
0.508(3) 
0.013(5) 
0.027(3) 
0.986(3) 
0.359(3) 
0.138(4) 
0.397(4) 
0.137(3) 
0.787(3) 
0.301(3) 
0.195(4) 
0.364(4) 
1.003(5) 
0.287(6) 
0.552(3) 
0.479(3) 
0.649(5) 

0.024(4) 
0.024(4) 
0.020(2) 
0.027(20) 
0.034(22) 
0.025(22) 
0.036(28) 
0.032(25) 
0.01 l(8) 
0.046(15) 
0.007(7) 
0.007(7) 
0.019(9) 
0.029(11) 
0.036(11) 
0.024(10) 
0.014(8) 
0.002(6) 
0.035(11) 
0.025(10) 
0.054(13) 
0.073(21) 
0.019(8) 
0.005(7) 
0.019(14) 

Atom u11 u22 u33 

W(1) 0.017(2) 
W(2) 0.015(2) 
W(3) 0.017(2) 
Mg(1) 0.034(12) 
Mg(2) 0.029(11) 
Mg(3) 0.038(12) 
Mg(4) O&4(14) 
Si 0.029(10) 

0.013(2) 
0.015(2) 
0.019(l) 
0.043(13) 
0.038(14) 
0.038(12) 
0.044(14) 
0.029(10) 

0.042(3) 
0.043(3) 
0.024(2) 
0.003(9) 
0.036(14) 
0.000(15) 
0.019(20) 
0.038(20) 

0.003(2) 
0.003(2) 

-0.009(2) 
-0.014(10) 

0.001(12) 
0.000 
0.000 
0.000 

O.OOl(2) 
O.OOl(2) 

-0.004(l) 
O.OOO(9) 
0.021(11) 
0.000 
0.000 
0.000 

O.OlO(2) 
0.009(2) 
0.008(l) 
0.023(10) 
0.012(11) 
0.019(6) 
0.022(7) 
0.014(5) 

a Standard deviations in the last significant digits are given in parentheses. 
The equivalent isotropic temperature factor is defined as one-third of the trace 
of the orthogonalized U tensor. For the oxygen atoms U,, is equal to the 
isotropic temperature factor. 

The overall geometry of unit (2) shows ered as type (I) octahedra. Both tungsten 
only small changes. The terminal oxygen atoms are displaced from the centers to- 
atoms O(1) and O(2), which are bound only wards the “pseudo” terminal oxygen at- 
to W(1) and W(2), respectively, are now oms. This leads to the clearly shorter bond 
connected to Mg(2). Nevertheless, the distances of 1.73(5) L% for W(l)-O(1) and 
W(1) and W(2) octahedra may be consid- 1.82(5) A for W(2)-O(2) (see Table IV). 
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TABLE IV 

BOND DISTANCES (.&) AND ANGLES (“) IN Mg,SiWPOj, . 12Hz0 (COMPOUND B) 

211 

W(l) -O(l) 
W(l) -O(4) 
W(l) -003) 
W(1) -O(3) 
W(l) -O(5) 
W(1) -0(19) 

W(2) 4x2) 
W(2) -O(6) 
W(2) -O(4) 
W(2) -0(13) 
W(2) -O(3) 
W(2) -0(19) 

W(3) -0(12) 
W(3) -O(5) 
W(3) -O(lO) 
W(3) -0(13) 
W(3) -O(lO) 
W(3) -0(19) 

MgU-W’) 
MgW-06’) 
MgtlWt6) 
MgtlWt16) 
MgtlbWl) 
Mgtl)-O(8) 

M&Q-W) 
W43Wtl8) 

Si -O( 19) 
Si -0(21) 

1.73(5) 
1.85(4) 
1.88(4) 
1.95(3) 
2.06(4) 
2.25(3) 

1.82(5) 
1.89(5) 
1.92(4) 
2.00(4) 
2.04(4) 
2.25(4) 

1.61(5) 
1.84(4) 
1.87(3) 
1.88(5) 
1.89(3) 
2.51(3) 

1.99(4) 
2.02(4) 
2.03(5) 
2.04(9) 
2.04(4) 
2.06(5) 

1.98(8) 
2.09(5) 
2.12(9) 
2.15(7) 
2.21(6) 

1.93(7) 3 x 
2.08(4) 3 x 

2.06(6) 3 x 
2.26(5) 3x 

1.66(3) 3x 
1.99(9) 

O(1) -W(l)-O(8) 
O(1) -W(l)-O(4) 
O(1) -W(l)-O(3) 
O(1) -W(l)-O(5) 
O(1) -W(l)-O(l9) 
O(8) -W(l)-O(4) 
O(8) -W(l)-O(3) 
O(8) -W( 1)-O(5) 
O(8) -W(l)-O(l9) 
O(4) -W( 1)-O(3) 
O(4) -W(l)-O(5) 
O(4) -W(l)-O(l9) 
O(3) -W(l)-O(5) 
O(3) -W(l)-O(l9) 
O(5) -W(l)-O(l9) 

9W) 
9W) 
9W) 
9W) 

169(2) 
90(l) 
W2) 

165(2) 
W2) 

163(2) 
90(2) 
@x1) 
90(2) 
76(2) 
75(l) 

O(2) -W(2)-O(6) 
O(2) -W(2)-O(3) 
O(2) -W(2)-O(4) 
O(2) -W(2)-O( 13) 
O(2) -W(2)-O(l9) 
O(6) -W(2)-O(3) 
O(6) -W(2)-O(4) 
O(6) -W(2)-0( 13) 
O(6) -W(2)-0(19) 
O(3) -W(2)-O(4) 
O(3) -W(2)-O(13) 
O(3) -W(2)-O(l9) 
O(4) -W(2)-O(l3) 
O(4) -W(2)-0(19) 
0( 13)-W(2)-O( 19) 

W2) 
99(3) 

lOl(3) 
‘NY 

170(3) 
87(2) 
80 

164(2) 
90(l) 

161(l) 
WV 
75(l) 
91(l) 
87(l) 
732) 

0(12)-W(3)-O(l3) lOl(3) 
0(12)-W(3)-O(l0) 108(3) 
0(12)-W(3)-O(5) lOl(2) 
0(12)-W(3)-O(l0) 107(2) 
0(12)-W(3)-O(l9) 169(2) 
0(13)-w(3)-0(10) 151(2) 
0(13)-W(3)-O(5) 89(2) 
0(13)-w(3)-0(10) 90(2) 
0(13)-W(3)-O(l9) W2) 
O(lO)-W(3)-O(5) 89(2) 
o(lo)-w(3)-o(lo) W2) 
0(10)-w(3)-0(19) 81(2) 
O(5) -W(3)-O(l0) 151(2) 
O(5) -W(3)-O(l9) 73(l) 
0(10)-w(3)-0(19) 81(l) 

O(9) -MgtlbO(8) 
O(9) -Wl)-O(9) 
O(9) -Mgtl)-O(6) 

89(2) 
8X3) 

175(3) 

O(9) -Mg(l)-O(21) 
O(9) -Mg(l)-O(l6) 
WI -Mgtl)-06’) 
O(8) -MgtlbOt6) 
O(8) -Mg( l&-0(21) 
O(8) -Mg(l)-O(l6) 
O(9) -MgU)-O(6) 
O(9) -Mg(l)-O(21) 
O(9) -Mg( I)-O( 16) 
O(6) -Mg(l)-O(21) 
O(6) -M&1)-0(16) 
0(21)-Mg(l)-O(l6) 

W2) 
103(2) 
173(3) 
‘W2) 

low) 
850) 
91(2) 
W9 
9W) 

lOl(2) 
810) 

175(3) 

0(15)-Mg(2)-O(l2) 
0(15)-Mg(2)-O(l5) 
O(lS)-Mg(2)-O(1) 
0(15)-M&2)-0(2) 
O( 12)-Mg(2)-O( 15) 
O( 12)-M&2)-0( 1) 
0(12)-Mg(2)-O(2) 
O(lS)-Mg(2)-O( 1) 
O( 15)-Mg(2)-O(2) 
O(l) -NiC+W) 

121(3) 
8W) 
85(2) 

147(3) 
118(3) 
W2) 
92(2) 

147(3) 
88(3) 
87(2) 

0(18)-M&3)-0(18) 88(2) 3x 
0(18)-Mg(3)-O(7) 171(3) 3x 
O(7) -MgW-O(7) lOO(3) 3 x 
0(18)-M&3)-0(7) 87(2) 3x 
0(18)-Mg(3)-O(7) 85(2) 3x 

O(9) -MgW-O(9) 
O(9) -Mg(4)-O(l5) 
O(9) -Mg(4)-O(15) 
0(15)-Mg(4)-O(9) 
0( 15)-Mg(4)-O( 15) 

74(2) 3x 
104(2) 3x 
102(3) 3x 
176(3) 3 x 
80(3) 3x 

0( 19)-Si -0(19) 
0(21)-Si -0(19) 

115(2) 3x 
103(3) 3x 

Whereas in compound A the W(3) atom distorted. This distortion is reflected by a 
shows a relatively regular environment, the very short W(3)-0(12) distance of 1.61(5) A 
W(3)0, octahedron in compound B is more and the long W(3)-0(19) distance of 2.51(3) 
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TABLE V 

CONNECTION SCHEME FOR Mg&iW903,. 24.5Hz0 
(4 

AND Mg$iW903, . 12H20 (B)” 

W(I) W(2) W(3) Mg(l) MgG') M&3) M&4) Si 

O(I) f 0 0 
O(2) +o 0 
O(3) +o +o 

O(4) +o +o 
O(5) + 0 +o 

O(6) +o + 0 
O(7) 2+ 3+ 30 

O(8) + 0 + 0 

O(9) 2t 20 3+ 30 

Otto) 2+ 20 

O(l1) + 

O(l2) + 0 0 

O(13) +o +o 

O(14) + 

OU5) 20 3+ 30 

O(16) + 0 

O(l7) + 

O(W 31 30 

O(19) + 0 + 0 + 0 3+ 30 

O(20) + 
Oc21) + 0 + 0 

u The labelling of the metal and oxygen aloms was chosen in such a 
way that both structures are directly comparable. + indicates the con- 
nection for compound A and 0 for compound B. Differences occur only 

for Mg(2). 

A. It should be mentioned that the “termi- 
nal” oxygen atom O(12) is also bound to 
Mg(2). The bond lengths between W(3) and 
the four bridging atoms range from 1.84(4) 
to 1.89(3) A. The mean values for W-OA, 
W-OB, and W-O= are 1.72, 1.92, and 2.34 
A, respectively. These mean distances are 
within the range observed in other com- 
pounds and nearly the same as in com- 
pound A (see Table VI for comparison). 

Applying bond length-bond strength cor- 
relations to these mean bond distances we 
estimate smean = 1.84 for W-OA , 0.95 for 
W-Oe, and 0.29 for W-Oc. There are no 
significant differences in the s,,,, values 
compared to those of compound A. With- 
out going into more detail, the OA-W-OB 
and OB-W-OB angles in the W(1) and W(2) 
octahedra are only slightly different from 
those in compound A (Table VII). As can 
be deduced from angles and distances (see 
Tables IV and VII), the Mg(1) and Mg(4) 

TABLE VI 

OBSERVED W-W, W-O,, W-O,, AND W-Oc 
DISTANCES IN DIFFERENT POLYTUNGSTATES 

wdx HzW12042 

A B (9) (14) 

w-w 
From 3.341 3.339 3.281 3.327 
To 3.398 3.411 3.296 3.373 
Mean 3.379 3.384 3.286 3.351 

w-o, 
From 1.68 1.61 1.672 1.65 
To 1.73 1.82 1.713 1.78 
Mean 1.72 1.72 1.693 1.71 

w-o* 
From 1.77 1.84 1.892 1.78 
To 2.09 2.06 1.948 2.17 
Mean 1.92 1.92 1.924 1.94 

w-oc 
From 2.31 2.25 2.321 2.22 
To 2.43 2.51 2.333 2.29 
Mean 2.36 2.34 2.325 2.26 

TABLE VII 

COMPARISON OF ANGLES AROUND THE DIFFERENT 
METALATOMSINCOMPOUNDS A AND B(“) 

oA-w(1)-08 91(1)-104(l) 96(2)-99(2) 
o,-W(l)-0, 83(1)-165(l) 86(2)-165(2) 
o~-w(l)-o~ 165(l) 169(2) 
o,-W(l)-0, 74(1)-89(l) 75( l)-90(2) 
oA-w(2)-oB 93(1)-102(l) 97(3)-lOl(3) 
oB-w(2)-oB 84(1)-164(l) 87(l)-164(2) 
0,4-W(2)-oc 166(l) 170(2) 
o*-W(2)-oc 74(1)-90(l) 75(1)-90(l) 
o,-W(3)-OS 99(1)-101(l) 101(3)-108(3) 
08-W(3)-0e 86(1)-160(l) 79(2)-151(2) 
0.4-w(3)-0~ 173(l) 169(2) 
08-w(3)-oc 75( l)-84( 1) 70(2)-81(2) 
0-Mg(l)-0 neighbored 86(1)-95(l) 75(2)-103(2) 

opposite 175(1)-178(l) 173(3)-176(3) 
O-Mg(2)-0 neighbored 83(1)-99(l) 80(2)-95(2) 

opposite 175(1)-177(l) 118(3)-147(3) 
O-Mg(3)-0 neighbored 82(1)-92(l) 85(2)-lOO(3) 

opposite 172(l) 171(3) 
O-Mg(4)-0 neighbored 82( 1)-99(l) 74(2)-104(3) 

opposite 174(l) 176(3) 
0-Si-0 107(1)-112(l) 103(3)-115(2) 
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environments are more distorted compared 
with those of compound A. The Si tetrahe- 
dron is less regular with one longer and 
three distinctly shorter Si-0 bonds. 

Further Thermal Dehydration 

The thermogravimetric curve (Fig. 2) 
shows that further dehydration of com- 
pound B occurs in two steps, the first of 
which is relatively well defined (weight loss 
2.8%) between 210 and 3OO”C, followed by 
a more or less continuous weight loss of 
1.4% up to 470°C. At this temperature, 
when all the water has been driven off, an 
exothermic peak in the DTA curve appears, 
indicating a possible phase transformation. 
These observations are explained by the 
continuous high-temperature X-ray diffrac- 
togram (Fig. 3). The dehydration of com- 
pound B leads to an X-ray amorphous hy- 
drated phase, which dehydrates only 
slowly. As all the water is lost, crystalliza- 
tion occurs into a poorly crystalline phase, 
the X-ray powder diffraction of which cor- 
responds closely to that published for a 
high-temperature form of MgW04 (13) sta- 
ble above about 1200°C. This rather un- 
usual finding is, however, the same as in the 
dehydration of MgW04 * 2Hz0 (3), where 
this same “high-temperature modification” 
has been found to appear before the stable 
wolframite-type structure on dehydration. 
Indeed, it is transformed into the 
wolframite type at temperatures around 
650°C. There are indications in the litera- 
ture that this observation has in fact been 
made by most earlier authors who have 
studied the formation of MgW04 from hy- 
drated precursors, but it has never been 
clearly stated. This has been discussed al- 
ready in (3). The most significant difference 
in the dehydration of MgW04 . 2H20 and 
the compounds treated in this paper is the 
appearance of an amorphous intermediate 
in the present case. 

Summary and Discussion 

The trigonal magnesium heteropolytung- 
states exhibit a number of peculiar features, 
both in their crystal structures and in their 
dehydration behavior. They represent to 
our knowledge the first heteropoly metal- 
ates containing magnesium. It is therefore 
not surprising that their crystal structures 
contain building units not described so far. 
In compound A (Mg8SiW903, * 24.5H20) 
two such units are clearly identified: unit 
(l), which might also be described as an 
isopoly magnesium salt, consists of four 
edge-sharing octahedra with the overall 
composition (Mg40i6) (because the hydro- 
gens have not been located, no charge can 
be assigned to this formula), resembling an 
isolated domain of the MgO lattice. On the 
other hand, unit (2) may be described either 
by addition of three groups of three edge- 
sharing tungsten coordination octahedra 
each to unit (l), or as a derivative of the 
Keggin ion structure by replacing three 
tungsten atoms by magnesium and adding a 
further magnesium coordination octahe- 
dron to it. It also contains a silicon atom in 
the central tetrahedral interstice. Its overall 
composition corresponds to Mg4SiW9043. 
In between these two units, uncoordinated 
water is situated on an incompletely occu- 
pied crystallographic position. 

Whereas in the very first step of dehydra- 
tion only interstitial water is lost, the sec- 
ond step leading to compound B (Mg8SiW9 
037 . 12H20) changes the structure more 
profoundly. Unit (1) is destroyed by dis- 
placement of three of its metal atoms to- 
wards unit (2), leaving an isolated MgOb oc- 
tahedron as a new structural element. The 
addition of the three displaced magnesium 
atoms to unit (2) occurs in such a way as to 
place them in a very unusual five-coordi- 
nated rectangular pyramidal position, thus 
connecting the formerly isolated units (2) to 
a three-dimensional network. A striking 
property of these compounds is that their 
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interconversion is highly topotactic and 
fully reversible, producing pseudomorph- 
ous product particles which can be treated 
almost as single crystals and are of suffi- 
cient quality for an X-ray diffraction struc- 
ture determination. In twenty years of oc- 
cupation with topotactic reactions, we have 
never observed such a high degree of topo- 
taxy in a dehydrationlrehydration process. 

Further heating, however, apparently 
causes the three-dimensional network to 
collapse completely, leading to an X-ray 
amorphous hydrated intermediate. After 
complete removal of water, it crystallizes 
into a phase described earlier as the high- 
temperature form of MgW04 stable only 
above ca. 1200°C (23), but is transformed 
into the stable low-temperature form of the 
wolframite type in an exothermic transition 
at 470°C. This unusual behavior can be at- 
tributed to the topochemical character of 
the process and corresponds to Ostwald’s 
rule of successive phase transformations. A 
similar process, but without the appearance 
of an amorphous intermediate, has been ob- 
served in the dehydration of MgW04 * 
2H20, and there are indications in the ear- 
lier literature that in fact “high-temperature 
MgW04” is formed first in processes lead- 
ing to anhydrous MgW04 from hydrated 
precursors, as discussed in (3). 
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