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original physical properties related to the crystallochemical
A solid-state investigation of the Bi2O3–TeO2–WO3 system behavior of Bi(III) and Te(IV) atoms. This paper describes

allowed synthesis of a new stoichiometric compound, Bi2 the crystal structure of one of these new phases,
Te2W3O16 (MX2.286). Bi2Te2W3O16 crystallizes with monoclinic Bi2Te2W3O16 , and its relationships with the fluorite and
symmetry (space group C2/c) with the unit cell parameters Bi7O5F11 structures.
a 5 21.2871(8) Å, b 5 5.5708(3), c 5 12.8349(5) Å, b 5
124.08(3)8, and Z 5 4 formula units per cell. The structure

EXPERIMENTALwas determined from single-crystal X-ray diffraction data and
refined to residuals R1(F ) 5 0.036 and wR2(F 2) 5 0.089 for 106

Heating in air at 7208C for 48 h an intimate mixture ofvariable parameters and a data set of 1756 observations [I .
pure commercial Bi2O3 , TeO2 , and WO3 oxides (Aldrich,2s(I)]. The essential building units of the structure are BiO8

square antiprisms, TeO4 disphenoids, and WO6 octahedra. Pairs 99.99%) in the molar ratio 1 : 2 : 3 led to the formation,
of BiO8 square antiprisms share one edge to form a Bi2O14 unit. in the solid state and as a green polycrystalline powder,
Each Bi2O14 unit shares four corners with four identical Bi2O14 of an original solid phase with the probable formula
units, two edges and four corners with W(2)O6 octahedra, and Bi2Te2W3O16 . Since no significant change in weight was
four edges with TeO4 disphenoids, so constituting [Bi2 observed, and since the same solid phase was obtained
Te2W(2)2O16] complex layers parallel to (100). These layers are when the synthesis was performed in a sealed gold tube,
connected via W(1)O6 to form the Bi2Te2W3O16 three-dimen-

it was clear that no oxidation of Te(IV) had occurred andsional network. Its relationships with the fluorite structure and
that the formula proposed was correct.the fluorite-related Bi7O5F11 structure are evidenced and

Bi2Te2W3O16 is stable only below 7508C; above this tem-analyzed.  1996 Academic Press

perature it decomposes into two crystalline phases, WO3

and Bi2W2O9 , and a liquid phase, which on cooling leads to
the formation of a ternary glass of unidentified composition.INTRODUCTION

Its X-ray powder pattern (Table 1) recorded with a
TeO2-based systems, including oxides of heavy elements Siemens D-5000 diffractometer has been indexed using the

like bismuth (III) and tungsten (VI), are of interest in the ITO program (2) on the basis of a centered monoclinic
formation of glasses with nonlinear optical properties. The cell with the following parameters: a 5 21.2871(8) Å, b 5
reinvestigation of the pseudoternary Bi2O3–TeO2–WO3 5.5708(3) Å, c 5 12.8349(5) Å, b 5 124.03(3)8.
system (1), which is promising as a basis in the creation of Good single crystals were obtained together with a glassy
such glasses, showed, in addition to a large glass formation phase by melting at 7608C, slowly cooling (18C/h) to 7008C,
region, the existence of several strictly stoichiometric, and then air quenching a mixture of the three oxides richer
anion-excess or anion-deficient ordered fluorite-related in TeO2 (Bi2O3 : TeO2 : WO3 5 1 : 4 : 3). One of them with
phases. Such phases are interesting since they often exhibit the dimensions 0.10 3 0.08 3 0.16 mm3, apparently un-

twinned under polarized light, was selected and mounted
on a Siemens P4 four-circle automatic diffractomer. The

1 To whom correspondence should be addressed. diffraction data were registered under the conditions given
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TABLE 1 program (4) and including anisotropic thermal motion
X-Ray Powder Diffraction Data for Bi2Te2W3O16 for all atoms, the structure was refined to final R values

of R1(F) 5 0.036 and wR2(F 2) 5 0.089. Positional and
hkl dobs dcalc I/I0 hkl dobs dcalc I/I0 thermal parameters are reported in Table 3. Selected

bond lengths and angles as well as bond valences, calcu-200 8.85 8.82 4 624 2.031 2.030 7
202 6.43 6.41 8 620 2.022 2.022 4 lated using the Brown’s method (5), are given in Tables
002 5.33 5.33 3 516 1.994 1.993 6 4 and 5.
111 5.12 5.11 1 223 1.973 1.971 3
402 5.07 5.06 4 206 1.964 1.962 7

DESCRIPTION OF THE STRUCTURE111 4.47 4.46 2 422 1.950 1.948 2
400 4.42 4.41 2 625 1.8698 1.8681 2
311 4.39 4.38 5 404 1.8611 1.8611 16 A projection onto (010) of the unit cell content is shown
312 4.052 4.059 22 821 1.8405 1.8387 2 in Fig. 1.602 3.554 3.548 5 225 1.8161 1.8161 3

Each tungsten atom is surrounded by six oxygen atoms112 3.481 3.475 39 1115 1.7860 1.7851 10
311 3.378 3.372 12 332 1.7720 1.7720 2 with a mean distance kW–Ol 5 1.94 Å, in good accordance
511 3.310 3.304 100 717 1.7400 1.7396 8 with the sum of ionic radii as proposed by Shannon (6)
113 3.213 3.209 89 802 1.7238 1.7227 4 (rW61[6] 1 rO22[3] 5 1.96 Å or rW61[6] 1 rO22[2] 5 1.95 Å). The604 2.966 2.963 42 132 1.7152 1.7135 11

corresponding polyhedra are octahedra, slightly distorted020 2.789 2.785 10 1116 1.7020 1.7016 3
314 2.765 2.763 4 917 1.6911 1.6910 14 in the case of W(1) atoms (Fig. 2a), strongly distorted in
312 2.745 2.748 7 133 1.6796 1.6785 4 the case of W(2) atoms (Fig. 2b). In each case the central
514 2.729 2.725 21 826 1.6534 1.6522 3

tungsten atom is set off-center toward the middle of an221 2.689 2.686 25 530 1.6426 1.6430 1
oxygen edge [O(1)–O(1) edge for W(1), O(4)–O(7) edge712 2.661 2.658 10 315 1.6389 1.6393 5

511 2.574 2.570 3 226 1.6050 1.6042 2 for W(2)]. Such eccentricity, more or less important [0.32 Å
223 2.325 2.321 1 1117 1.5929 1.5920 4
423 2.307 2.305 10 732 1.5836 1.5825 6
315 2.280 2.278 3 1008 1.5625 1.5624 2
715 2.227 2.226 5 718 1.5418 1.5406 2 TABLE 2
800 2.207 2.204 3 408 1.5317 1.5313 2 Crystal Data and Structure Refinement Conditions
622 2.192 2.191 1 1316 1.5287 1.5285 1 for Bi2Te2W3O16913 2.169 2.177 2 1406 1.4960 1.4960 2
623 2.146 2.148 2 1208 1.4820 1.4816 5

Formula weight 1480.71606 2.138 2.136 3 1317 1.4660 1.4659 3
Temperature 293(2) K914 2.132 2.136 1 934 1.4480 1.4480 1
Wavelength 0.71073 Å602 2.121 2.118 1 931 1.4056 1.4063 1
Crystal system Monoclinic424 2.103 2.102 3 536 1.4011 1.4008 6
Space group C2/c806 2.054 2.052 10
Unit cell dimensions

a 21.2871(8) Å
b 5.5708(3) Å
c 12.8349(5) Å
b 124.08(3)8in Table 2 and corrected for absorption effects by using a

Volume 1260.6(1) Å3

psi-scan method [XEMP program (3)]. Three representa- Z 4
Density (calculated) 7.80 Mg/m3tive standard reflections measured every 100 reflections
Density (measured) 7.80(3) Mg/m3during the course of the data collection showed no signifi-
Absorption coefficient 59.728 mm21

cant variation in intensity. F(000) 2480
The monoclinic symmetry and unit cell parameters de- Crystal size 0.10 3 0.08 3 0.16 mm3

u range for data collection 2.31 to 30.07 deg.rived from the powder pattern were confirmed. The ob-
Index ranges 229 # h # 29, 21 # k # 7, 218 #served reflection conditions are consistent with the space

l # 15groups Cc (No. 9) and C2/c (No. 15). The experimental Reflections collected 3959
density [rexp 5 7.80(3) g cm23] measured by helium pic- Independent reflections 1756 [R(int) 5 0.0553]

Refinement method Full-matrix least-squares on F 2nometry (Micromeritics Accupyc 1330) implies Z 5 4
Data/restraints/parameters 1756/0/106Bi2Te2W3O16 per unit cell (rth 5 7.80 g cm23).
Final R indices [I . 2s(I)]a R1 5 0.0365, wR2 5 0.0894

Intensity statistics favor the centrosymmetric space R indices (all data)a R1 5 0.0420, wR2 5 0.0921
group; so the structure was solved in the C2/c space Goodness-of-fit on F 2b 1.084

Extinction coefficient 0.00257(10)group, by using direct methods and the SHELXTL-PC
Largest diff. peak and hole 5.758 and 24.328 e Å23

program package (3). In fact, all the cationic positions
were determined by these methods and the oxygen atoms a R1(F) 5 o iF0u 2 uFci/uF0u; wR2(F 2) 5 ho [w(F 2

0 2 F 2
c)2]/o

located by difference Fourier syntheses. By using the [w(F 2
0)]j1/2.

b Goodness of fit 5 ho w(F 2
0 2 F 2

c)/Nobs 2 Nparm)j1/2.full-matrix least-squares techniques of the SHELXL-93



250 CHAMPARNAUD-MESJARD ET AL.

TABLE 3
Atomic Coordinates (3 104), Equivalent Isotropic Displacement Parameters Ueq (Å2 3 103) and

Anisotropic Displacement Parameters Uij (Å2 3 103)

Atom x y z U(eq) U11 U22 U33 U23 U13 U12

W(1) 0 8584(1)a 2500 7(1) 8(1) 5(1) 7(1) 0 3(1) 0
W(2) 1268(1) 6487(1) 9638(1) 7(1) 9(1) 5(1) 5(1) 1(1) 4(1) 1(1)
Bi 2206(1) 3165(1) 8417(1) 14(1) 16(1) 13(1) 14(1) 5(1) 9(1) 5(1)
Te 4065(1) 3038(1) 8446(1) 9(1) 10(1) 9(1) 7(1) 23(1) 5(1) 22(1)
O(1) 467(5) 6538(15) 3771(7) 13(2) 13(4) 13(4) 7(3) 24(3) 2(3) 21(3)
O(2) 3066(5) 3918(18) 7798(8) 16(2) 13(4) 25(5) 19(4) 6(4) 13(3) 3(4)
O(3) 420(4) 8444(15) 8759(7) 12(2) 7(3) 12(4) 11(3) 22(3) 2(3) 21(3)
O(4) 1958(4) 8731(14) 0267(7) 10(2) 8(3) 8(4) 8(3) 0(3) 0(3) 23(3)
O(5) 1184(4) 6063(14) 7935(7) 9(1) 14(3) 8(4) 2(3) 1(3) 3(3) 21(3)
O(6) 867(4) 9158(14) 2415(7) 10(1) 14(4) 6(3) 12(3) 2(3) 9(3) 5(3)
O(7) 1248(5) 5700(15) 0967(7) 11(2) 18(4) 10(4) 9(3) 22(3) 9(3) 26(3)
O(8) 1958(5) 3878(15) 9921(7) 11(2) 14(4) 10(4) 8(3) 2(3) 6(3) 5(3)

Note. U(eq) 5 Ad(U11a*2a2 1 U22b*2b2 1 U33c*2c2 1 U12a*b*ab cos c 1 U13a*c* ac cos b 1 U23b*c*bc cos a); the anisotropic displacement exponent
takes the form 22f2[h2a*2U11 1 ? ? ? 1 2 hka*b*U12].

a e.s.d.’s are in parentheses.

TABLE 4
Main Interatomic Distances (Å), Angles (8), and Bond Valences in Bi2Te2W3O16

BiO8 square antiprism, kBi–Ol 5 2.484 Å
Bi O(8)1 O(8)2 O(4)1 O(2) O(5)1 O(7)2 O(6) O(2)1 Vij

O(8)1 2.182(8)b 2.689(18) 2.901(12) 3.343(13) 4.313(13) 4.799(13) 3.925(12) 3.305(14) 0.78
O(8)2 73.4(3) 2.304(7) 2.788(12) 4.494(14) 2.444(13) 4.417(13) 3.197(12) 4.429(13) 0.56
O(4)1 73.1(3) 78.9(3) 2.376(8) 2.832(13) 3.277(12) 4.300(13) 4.895(12) 4.925(13) 0.46
O(2) 145.1(3) 93.3(3) 72.7(3) 2.407(8) 4.274(13) 3.221(14) 4.744(13) 3.474(20) 0.42
O(5)1 61.3(3) 134.5(3) 84.6(3) 121.6(3) 2.492(8) 2.782(13) 2.976(12) 4.575(13) 0.33
O(7)2 124.0(2) 158.9(3) 115.8(3) 78.0(3) 64.8(2) 2.694(8) 3.085(12) 3.324(14) 0.19
O(6) 78.8(3) 106.3(3) 148.7(3) 136.0(3) 69.7(3) 69.6(2) 2.710(8) 2.660(13) 0.19
O(2)1 84.4(3) 123.9(3) 151.4(3) 85.4(2) 123.2(3) 75.8(3) 58.8(2) 2.711(9) 0.19
o Vij 3.12

W(1)O6 octahedron, kW(1)–Ol 5 1.944 Å
W(1) O(1) O(1)1 O(6) O(6)1 O(3) O(3)1 Vij

O(1) 1.769(8) 2.704(18) 2.767(12) 2.744(12) 2.795(13) 3.865(13) 1.51
O(1)1 99.9(5) 1.769(8) 2.744(12) 2.767(12) 3.865(13) 2.795(13) 1.51
O(6) 95.6(4) 96.6(4) 1.935(8) 2.817(7) 2.635(12) 2.737(12) 0.96
O(6)1 96.6(4) 95.6(4) 160.9(5) 1.935(8) 2.737(12) 2.635(12) 0.96
O(3) 91.2(3) 168.7(3) 84.6(3) 80.6(3) 2.129(8) 2.675(18) 0.57
O(3)1 168.7(3) 91.2(3) 80.6(3) 84.6(3) 77.9(4) 2.129(8) 0.57
o Vij 6.08

W(2)O6 octahedron, kW(2)–Ol 5 1.940 Å
W(2) O(4) O(7) O(3) O(8) O(5) O(1)2 Vij

O(4) 1.745(8) 2.738(13) 2.718(12) 2.739(13) 2.890(12) 3.948(13) 1.61
O(7) 101.4(4) 1.785(7) 2.805(13) 2.718(13) 3.823(13) 2.647(13) 1.44
O(3) 98.1(4) 101.0(4) 1.853(8) 3.730(13) 2.729(12) 2.778(13) 1.20
O(8) 95.6(3) 93.3(4) 157.9(3) 1.950(8) 2.444(13) 2.656(13) 0.92
O(5) 96.9(3) 158.7(3) 86.9(3) 74.2(3) 2.104(7) 2.726(13) 0.61
O(1)2 173.7(3) 82.5(3) 85.9(3) 79.2(3) 78.4(3) 2.204(8) 0.46
o Vij 6.24

TeO4 disphenoid, kTe–Olmoy. 5 2.037 Å
Te O(2) O(5) O(6) O(7) Vij

O(2) 1.863(8) 2.767(13) 2.660(13) 2.948(14) 1.36
O(5) 94.8(4) 1.891(7) 2.735(12) 2.782(13) 1.26
O(6) 88.0(4) 90.3(3) 1.965(8) 4.368(13) 1.03
O(7) 85.5(4) 79.1(3) 167.1(3) 2.431(8) 0.29
o Vij 3.94

a Notations are those indicated in Figs. 2–4.
b e.s.d.’s are given in parentheses.
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TABLE 5
Bond Lengths (Å) and Bond Valences in OM2–4 Polyhedra

Bond Bond
length Vij length Vij

O(1)–W(1) 1.769 1.51 O(5)–W(2) 2.104 0.61
O(1)–W(2) 2.204 0.46 O(5)–Te 1.891 1.26
O(1)–Te 3.241 0.03 O(5)–Bi 2.492 0.33
O(1)–Te 3.772 0.01 O(5)–W(1) 3.439 0.02

o Vij 2.01 o Vij 2.22

O(2)–Te 1.863 1.36 O(6)–W(1) 1.935 0.96
O(2)–Bi 2.407 0.42 O(6)–Te 1.965 1.03

FIG. 2. Spatial views of the W coordination polyhedra: (a) W(1)O6O(2)–Bi 2.711 0.19 O(6)–Bi 2.710 0.19
octahedron, (b) W(2)O6 octahedron.O(2)–W(2) 3.769 0.01 O(6)–W(2) 3.471 0.01

o Vij 1.98 o Vij 2.19

O(3)–W(2) 1.853 1.20 O(7)–W(1) 1.785 1.44
O(3)–W(1) 2.129 0.57 O(7)–Te 2.431 0.29

shown in Fig. 3. The mean distance kBi–Ol 5 2.48 Å isO(3)–Te 2.692 0.15 O(7)–Bi 2.694 0.19
not very different from the sum of ionic radii (2.52–2.53 Å).O(3)–Te 3.684 0.01 O(7)–Bi 3.638 0.02

o Vij 1.93 o Vij 1.94 The disparity of the distances, however, reveals the weak
stereochemical activity of the lone pair E of bismuth atoms,O(4)–W(2) 1.745 1.61 O(8)–W(2) 1.950 0.92
probably directed toward the center of the O(2)1–O(6)–O(4)–Bi 2.376 0.46 O(8)–Bi 2.182 0.78

o Vij 2.07 O(3)–Bi 2.304 0.56 O(7)2 face.
o Vij 2.26 As for the tellurium atoms, for which the lone pair is

strongly active, their coordination polyhedron can be de-
scribed in one of two ways:

1. As a slightly distorted TeO3 triangular pyramid whosefor W(1), 0.56 Å for W(2)], and already observed in the
Bi2Te2WO10 crystal structure (7), simply corresponds to the more strongly bonded three oxygen atoms O(2), O(5), and

O(6) constitute the base and Te the apex, with the lonestrengthening of the bonds of the corresponding tungsten
atom with the oxygen atoms which are only weakly bonded pair E so directed as to constitute the fourth vertex of

a TeO3E tetrahedron (Fig. 4a). The TeO3 pyramid is ato other cations (see Table 5 and Fig. 2).
The bismuth atoms are surrounded by eight oxygen commonly accepted feature of the crystal chemistry of

tellurium(IV) compounds.atoms at distances ranging from 2.18 to 2.71 Å. The corre-
sponding polyhedron is the distorted square antiprism 2. As a highly distorted trigonal bipyramid TeO4E if we

FIG. 1. Projection of the Bi2Te2W3O16 crystal structure onto (010).
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FIG. 3. Distorted BiO8 square antiprism.

FIG. 4. Perspective views of the Te(IV) coordination polyhedra:
(a) TeO3 pyramid, (b) TeO4 disphenoid [the arrows visualize the

take into account the bonded O(7)1 atom (Fig. 4b). The direction toward which the lone pair E of Te(IV) atoms is stereochemi-
TeO4 disphenoid is also frequently observed in Te(IV) cally active].
mixed oxides.

Each BiO8 square antiprism shares its O(8)–O(8) edge
with another square antiprism to form a Bi2O14 unit. As three-dimensional polyhedral network is represented in
shown in Fig. 5 each Bi2O14 unit shares the following: Fig. 6. We can clearly see that it contains large pseudohex-

agonal tunnels, parallel to Oy, toward the center of—four O(2) corners with four identical Bi2O14 units,
which are roughly directed the lone pairs E of tellurium—two O(5)–O(8) edges with two different W(2)O6 octa-
atoms.hedra,

—the O(4) and O(7) corners with four W(2)O6 octahe-
RELATIONSHIPS WITH THE FLUORITE STRUCTUREdra, and
AND THE FLUORITE-RELATED Bi7F5O11 STRUCTURE—two O(2)–O(6) and two O(5)–O(7) edges with four

TeO4 disphenoids.
As shown by the projection in Fig. 1 the cations are

distributed at the corners of a distorted face-centered cubicThe [Bi2Te2W(2)2O16] complex layers so constituted,
parallel to (100), are connected via W(1)O6 octahedra network (aF P 5.65 Å) with distances between nearest

neighbors ranging from 3.42 to 5.05 Å. A large portion ofby sharing O(1) and O(3) corners. The corresponding

FIG. 5. [Bi2Te2W2O16] complex layer in the Bi2Te2W3O16 crystal structure: (a) perspective view parallel to (100), (b) perspective view along [010].
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FIG. 6. Three-dimensional polyhedral network Bi2Te2W3O16 .

relationships of the corresponding supercell (subscript S)the anions [O(1), O(2), O(3), O(5), O(6), and O(7)] are
to the fluorite subcell (subscript F) areapproximately located in the tetrahedral sites of this net-

work and correspond to ‘‘normal’’ anions of the parent
fluorite structure. The other anions [O(4) and O(8)] are
grouped together in densified areas (shaded parts of Fig.
7a) corresponding to infinite columns of Bi2W(2)2 tetrahe- UaS

bS

cS

U5 U3 0 2

0 1 0

2 0 1
U UaF

bF

cF

U .
dra. Bi2Te2W3O16 can therefore be considered as an anion-
excess, cation-ordered, fluorite-related superstructure. The

FIG. 7. [010] projection visualizing how the anionic densification results from a regular insertion of zig-zag [010] rows of anions within the
cationic tetrahedral network in (a) the Bi7F11O5 structure and (b) the Bi2Te2W3O16 structure (cations are differentiated in the same way as in Fig.
1). (The densified areas are shaded.)
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FIG. 8. Representation of the Bi7F11O5 (a) and Bi2Te2W3O16 (b) structures as fluorite-related superstructures with columnar clusters. (The
densified and corrugated parts of the anionic subcell are shaded; the clusters are hatched.)

The change from the fluorite parent structure (MX2) to 7XM4/8 1 X R M7/2X8(M7X16)
the Bi2Te2W3O16 (M7X16) structure is obvious: it simply
results from an ordered insertion, every seventh XM4 tetra-

or, more precisely,
hedron, of an extra anionic row, parallel to [010]F [here
an extra O(4)–O(8) row]. This structural change can be
formulated as: 7O [Bi2/14Te2/14W3/14] 1 O R BiTeW3/2O8 (Bi2Te2W3O16).

FIG. 9. Projections along the direction perpendicular to the densified anionic layers of (a) the Bi7F11O5 structure and (b) the Bi2Te2W3O16 structure.
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Such densification is only possible thanks to the strong fluorite subcells are much less distorted in the Bi7F11O5

structure than in the Bi2Te2W3O16 structure.distortion of both the cationic and anionic subcells resulting
in a great change in cation-to-anion coordination: the MO8 2. If both structures can be considered as members m9 5

7 of the Mm9X2m912 series of fluorite-related superstructuresanionic cubes characteristic of the fluorite structure are
either strongly distorted or replaced by other polyhedra. with columnar clusters, the nature of these clusters is quite

different. In Bi7 F11O5 , they correspond to infinite cis-As a consequence the tetrahedral coordination of anions
is no longer preserved; the oxygen atoms are set off-center chains of corner-sharing BiF6O2 polyhedra (distorted

square antiprisms or bicapped trigonal prisms: densifiedtoward a triangular face or an edge and are therefore in
threefold or twofold coordination (see Table 5). In fact, YF3-like part of the structure) (Fig. 8a). In Bi2Te2W3O16

they are constituted by an infinite column, parallel to Oy,these distortions are the consequences of both the anionic
insertion and the stereochemical activity of tellurium lone of pairs Bi2O14 of BiO8 square antiprisms sharing, at the

same level, a O(8)–O(8) edge, and connected along Oypairs E. One can clearly see in Figs. 1 and 7a how the
extra anions O(4) and O(8), on the one hand, and the via the W(2)O6 octahedra (Figs. 6 and 8b).

3. As shown by the comparison of the two k100lF-typestereochemically active lone pairs E, on the other hand,
push away respectively the O(2), O(7) anions and W(2) projections realized along the direction perpendicular to

the densified anionic layers (Fig. 9), only the Bi7F11O5cations [W(2)–W(2) 5 4.92 Å] and the O(1), O(3) anions
and Te cations (Te–Te 5 5.05 Å). structure can really be described in terms of a family II

Vernier structure, i.e., a structure in which densified 36We have recently solved the crystal superstructure
of another M7X16 ordered anion-excess, fluorite-related hexagonal strips of the anionic layers alternate with un-

modified 44 fluorite-like strips (Fig. 9a). In the case of thecompound Bi7F11O5 (8). We have shown that it can also
be described as the member m9 5 7 (or m 5 5) of Bi2Te2W3O16 structure, the stereochemically very active

lone pairs of Te atoms create a second ‘‘artificial densifica-the Mm9X2m912 (or Mm12X2m14) series of fluorite-related
superstructures with infinite columnar clusters (9) and tion’’ of the k100lF anionic layers, pushing away the O(1)

and O(3) anions and then distorting what could have been,as the member n 5 3.5 of a MnX2n11 series of new
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