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Abstract .  (i) BaGe20 5 II: M r = 3 6 2 . 5 6  , monoclinic, 
P2Ja ,  a = 13.214 (2), b = 13.043 (2), c = 
9.5501 (8)./k, r =  94.006 (10) °, V =  1642.0 (4) A 3, 
Z = 1 6 ,  D x = 5 . 8 6 g c m  -3, A g K a ,  2 =  0.56087 A, 
/ z = 1 3 0 . 9 c m  -1, F ( 0 0 0 ) = 2 5 6 0 ,  T = 3 0 0 K ,  R =  
0.047 for 2549 independent reflections. (ii) BaGe20 5 
III: orthorhombic, Cmca, a = 5.5632 (2), b = 
9.8711 (6), c =  14.3231 (12)A, V =  786-56 (10)A a, 
Z = 8 ,  D x = 6 . 1 2 g c m  -3, A g K a ,  / t = 1 3 6 . 7 c m  -1, 
F ( 0 0 0 ) = 1 2 8 0 ,  T = 3 0 0 K ,  R = 0 . 0 5 1  for 535 in- 
dependent reflections. BaGe20 5 II (low-pressure and 
high-temperature phase) has three kinds of infinite 
chains of Ge polyhedra. One type (which is parallel to 
the b axis) is connected to another chain of the same 
type by the other two chains (which are parallel to the a 
axis) and two ladder-like sheets parallel to (201) and 
(201), respectively, are formed. BaGe20 5 III (high- 

pressure and low-temperature phase) has a sheet 
structure similar to that for the hexagonal perovskite- 
like compounds A B X  3 at high pressures. The increase in 
coordination number  of Ba from BaGe20 5 II to 
BaGe20 5 III is accompanied by a large increase in 
density (4.4%). 

Introduct ion.  BaSi205 is known as the mineral sunbor- 
nite, which belongs to orthorhombic space group Pmnb 
with cell dimensions a =  7.6922 (8), b =  13.525 (1), 
c = 4.6336 (5) ]k [Natl Bur. Stand. (US) Monogr., 
1976], which has a monoclinic high-temperature 
modification with C2/c, a = 23.202 (5), b = 4.661 (1), 
c = 13.613 (4) A, fl = 97.54 (2) ° (Katscher, Bissert & 
Liebau, 1973) at atmospheric pressure. Both have 
undulating sheet structures which consist of Ge 
tetrahedra. 
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Germanates are frequently used as convenient 
high-pressure model substances for the corresponding 
silicate on account of their lower transition pressure. 
Ozima, Susaki, Akimoto & Shimizu (1982) have 
reported that BaGe205 I has two high-pressure phases 
(BaGe205 II and BaGe205 III) at 40-60 kbar (4- 
6 GPa). Further, they determined the boundary of these 
two phases, P(kbar) = 7.7 + 0.047 T(°C), where 
BaGe205 II is the low-pressure high-temperature phase, 
and BaGe205 III is the high-pressure low-temperature 
phase. This implies that sunbornite transforms similarly 
at high pressures. Ozima et al. (1982) could not obtain 
single crystals of BaGe205 III and, accordingly, on the 
basis of the powder diffraction pattern, tetragonal 
symmetry was suggested. Recently, Kobayashi, Ozima, 
Shimizu & Akimoto (1983) have succeeded in obtain- 
ing single crystals of BaGe205 III and have revealed 
that this has orthorhombic symmetry. 

In this paper, structures of both BaGe205 II and 
BaGe205 III are reported. 

Table 1. Fractional coordinates (x 105for Ba, Ge; x 104 
for 0) and equivalent isotropic thermal parameters 
(x 102) with e.s.d.'s in parentheses for BaGe205 II and 

BaGe205 III 

Beq = ~Tt 2 ~. ~.4Uua~ aTai.aj. 

x y z Beq(A 2) 
(i) BaGe20 5 II 
Ba(1) 36510 (8) 
Ba(2) 11639 (8) 
Ba(3) 36797 (9) 
Ba(4) 13140 (9) 
Ge(1) 26382 (14) 
Ge(2) -1704 (13) 
Ge(3) 0 
Ge(4) 9097 (14) 
Ge (5) 12009 (I 4) 
Ge(6) 39116 (14) 
Ge(7) 38531 (15) 
Ge(8) 23835 (13) 
Ge(9) 0 
O(1) 360 (9) 
0(2) 354 (10) 
0(3) --181 (9) 
0(4) 77 (11) 
0(5) 1668 (10) 
0(6) 1609 (10) 
0(7) 1964 (9) 
0(8) 2329 (10) 
0(9) 3730 (9) 
O(10) 3416 (9) 
O(11) 4874 (10) 
O(12) 4478 (9) 
O(13) 5085 (9) 
O(14) 4110 (10) 
O(15) 4286 (9) 
O(16) 3422 (13) 
O(17) 2417 (I1) 
O(18) 2771 (11) 
O(19) 2587 (11) 
0(20) 1212 (9) 

(ii) BaGe20 5 III 
Ba 0 
Ge(1) 50000 
Ge(2) 0 
O(I) 5000 
0(2) 5000 
0(3) 2500 
0(4) 2601 (19) 

24609 (9) 12029 (1 l) 75 (2) 
25350 (9) 86057 (12) 95 (2) 

1425 (9) 38873 (12) 79 (2) 
1010 (9) 61294 (12) 74 (2) 

--9 (16) --1332 (20) 70 (4) 
24548 (15) 47310 (17) 52 (4) 
50000 0 51 (5) 
12965 (15) 23891 (19) 52 (4) 
36683 (16) 23994 (20) 60 (4) 
15099 (15) 73474 (19) 55 (4) 
39238 (15) 74828 (21) 70 (4) 
27384 (15) 51635 (18) 59 (4) 

0 0 293 (11) 
1245 (10) 656 (13) 53 (26) 
3705 (10) 675 (15) 101 (30) 
1494 (9) 3280 (13) 52 (25) 
3483 (11) 3357 (15) 129 (32) 
2389 (10) 2199 (13) I00 (28) 

274 (11) 3074 (14) 96 (29) 
3908 (10) 4144 (14) 76 (28) 
4175 (11) 1595 (14) 100 (30) 
--74 (12) 1024 (13) 95 (29) 

2322 (12) 4198 (13) 101 (29) 
1525 (I0) 6122 (13) 81 (28) 
3661 (10) 5856 (14) 78 (27) 
4489 (10) 8231 (12) 44 (25) 
2641 (1 l) 8349 (14) 103 (29) 
435 (1 l) 8295 (13) 87 (28) 

4373 (14) 9439 (16) 225 (41) 
1266 (12) -534 (18) 186 (37) 
1399 (11) 6333 (15) 121 (31) 
3467 (11) 6775 (13) 112 (31) 
2110 (10) 5175 (13) 67 (26) 

33673 (12) 7885 (8) 74 (2) 
17150 (21) 18228 (13) 66 (4) 

0 13995 (14) 80 (4) 
0 2409 (10) 100 (27) 

3310 (15) 1004 (9) 73 (25) 
2500 2500 86 (24) 
898 (I0) 934 (6) 66 (16) 

Experimental. (i) BaGe205 II: parallelogram-plate 
crystal formed by {100}, {101t and {010}, volume 
0.37 x 10 -6 cm3; Rigaku automated four-circle diffrac- 
tometer, graphite-monochromated AgK~t radiation; 
unit-ceU parameters from least-squares fit for 41 
reflections with 30 < 20 < 45 o; integrated intensities 
measured by 20-(.o scans; 2746 reflections measured, 
2549 independent reflections (IFol > 3trlFol) within 

(a) 

(b) 

Fig. 1. Projections of  (a) B a G e 2 0 5  II along the b axis and  (b) 
B a G e 2 0  5 III along the a axis. In (a) Ba  and  G e  are represented 
by  their thermal ellipsoids with a probability of 50% and O is 
represented by  a sphere of radius 0.1 A. In (b) all atoms are 
represented by their thermal ellipsoids with a probability of 50%.  
Bonds between Ba and O are not drawn. 
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0 < 28 < 45 °, 197 unobserved; (sinS/2)ma x = 
0 . 6 8 2 A  -*, 0 < h  < 18, 0 < k  < 17, - 1 3  < l < 13; four 
standard reflections every fifty reflections; corrections 
for Lorentz-polarization and absorption (transmission 
factor from 0.35-0 .59);  heavy-atom method; full- 
matrix least-squares refinement on F using RADIEL 
(Coppens, Guru Row, Leung, Stevens, Becker & Yang, 
1979); anisotropic thermal parameters for all atoms; 
fully ionized scattering factors for Ge a+ and Ba 2+ andf', 

f "  for Ge, Ba and O from International Tables for 
X-ray Crystallography (1974), scattering factor for 02 -  
from Tokonami (1965); R = 0 . 0 4 7 ,  wR = 0 . 0 4 9 ,  S 

Table 2. Interatomic distances (A) and interbond 
angles (o) with e.s.d.'s in parentheses for BaGe205 II 

and BaGe/O 5 III 

M - O - M  M - O - M  
Distance angle Distance angle 

(i) BaGe20 5 II 
Ge(1) tetrahedron Ge(2) octahedron 
Ge(l) -0 (9 )  1.758(12) Ge(2) -0 (3 )  1.868(12) 

-0(8")  1-764(14) -0 (4 )  1.920(15) 
-O(16 I) 1-789(17) -O(10 m) 1.923(12) 
-O(17) 1.717(16) -O(1P") 1-878(13) 

0(8") -0 (9 )  2-947(18) 113,56(59) -O(12 m) 1.886(13) 
-O(16 ~) 2.609(21) 94-48(71) -0(20)  1.900(12) 
-O(17) 2.937(21) 115-04(69) 0 ( 2 0 ) - 0 ( 3 )  2-616(17) 87.92(52) 

O(16 ~) -0 (9 )  2.938(21) 111.83(68) -0 (4 )  2.848(19) 96.38(57) 
-O(17) 2.929(24) 113-35(76) -O(1P") 2-709(18) 91.61(53) 

O(9) -O(17) 2.815(20) 108-20(65) -O(12 m) 2.626(18) 87.80(54) 
O(10 t") --0(3) 2.611(18) 87.06(53) 

Ge(3) octahedron -0 (4 )  2.609(20) 85.52(57) 
Ge(3) -0 (2)  x2 1.856(14) -O(11"') 2.769(18) 93.53(54) 

-O(15 'v) x2 1.911(12) -O(12 m) 2.686(18) 89.66(55) 
- 0 ( 9  m) x2 2.003(12) O(3) -0 (4 )  2.617(19) 87-38(58) 

0(2) - 0 ( 9  llj) x2 2.829(20) 94.23(55) -O(12 I") 2.540(18) 85-18(56) 
--O(15 tv) x2 2.494(19) 82.91~6) 0(4) --O(11 m) 2.672(19) 89-43(59) 
-0(9*) x2 2.628(20) 85.77(55) O(1 I I'l) -O(12 m) 2.842(19) 98.07(57) 
-O(15"9 x2 2.823(18) 97.09(56) 

O(15 vl) - 0 ( 9  ul) x2 2.836(18) 92.85(51) Ge(4) tetrahedron 
O(15 iv) - 0 ( 9  I") x2 2.698(17) 87.15(51) Ge(4) -O(1) 1.762(12) 

-0 (3 )  1.743(13) 
Ge(5) octahedron -0 (5)  1.759 (14) 
Ge(5) -0 (2 )  1.926 (14) -0 (6 )  1.725 (13) 

-0 (4 )  1-814(15) O(1) -0 (3 )  2.673(17) 99.40(57) 
-0 (5)  1,794(14) -0 (5 )  2.651(18) 97,71(59) 
-0 (7)  1-912(13) -0 (6 )  3.021(17) 120-12(59) 
-0 (8 )  1.847(14) 0(3) -0 (5 )  2.958(18) 115-27(61) 
-O(15 tv) 2-470(14) -0 (6 )  2.868(18) 111.62(61) 

0(5) -0 (2 )  2.779(19) 96-64(60) O(5) -0 (6 )  2.885(19) 111.83(63) 
-0 (4 )  2.829(20) 103-29(65) 
-O(7) 2.725(18) 94-63(58) Ge(6) tetrahedron 
-0 (8 )  2.568(19) 89-71(62) Ge(6) -O(11) 1.788(14) 

O(15 ~) -0 (2 )  2.494(19) 67-82(51) -O(14) 1.767(14) 
-0 (4)  3.141(20) 93.02(57) -O(15) 1.722(13) 
-0 (7)  3-403(18) 101.12(50) -O(18) 1.740(14) 
-0 (8)  2-701(19) 75.93(54) O(11) -O(15) 2.676(19) 99,32(63) 

0(2) -0 (4)  2.628(20) 89.25(62) -O(14) 2.821(19) 105,05(64) 
-0 (8)  2.764(19) 94.19(60) -O(18) 2.805(20) 105.33(64) 

0(7) -0 (8 )  2.539(19) 84.96(58) O(14) -O(15) 2-887(20) 111.65(64) 
O(4) -0 (7 )  2.613(18) 89.03(61) O(15) -O(18) 2.928(19) 115.51(65) 

O(14) -O(18)  2,997(19) 117.41(65) 
Ge(7) octahedron 
Ge(7) -O(6 'v) 1.927 (14) Ge(8) hexahedron 

-O(12) 1-841 (13) Ge(8) -0 (7 )  1.873 (13) 
-O(13) 1.882(12) -O(10) 1.784(13) 
-O(14) 1.887(14) -O(18) 2.117(14) 
-O(16) 2.075(16) -O(19) 1.813(13) 
-O(19) 1.859(14) -0(20)  1.753(12) 

0(6 '~) -O(12) 2.782(19) 95.13(58) ' O(7) -O(10) 2.820(19) 100.88(58) 
-O(13) 2.688(17) 89.77(54) -O(19) 2.652(18) 92.04(58) 
-O(16) 2.670(20) 83.63(60) -0(20)  2.756(18) 98.92(56) 
-O(19) 2.586(19) 86.16(60) O(10) -O(18) 2.564(20) 81.70(57) 

O(14) -O(12) 2.799(19) 97.29(60) -O(19) 3.141(19) 121.68(59) 
-O(13) 2.739(19) 93.25(56) -0(20)  3.132(18) 124,65(58) 
-O(16) 2.673(23) 84.72(61) O(18) -O(19) 2.743(20) 88,19(56) 
-O(19) 2.655(19) 90.26(62) -0(20)  2.451(18) 77.98(55) 

O(12) -O(13) 2.588(17) 88.07(54) O(19) -0(20)  2.895(18) 108,56(58) 
-O(19) 2.717(20) 94.51(60) 

O(13) -O(16) 2-557(21) 80.36(56) Ge(9) octahedron 
0(16) -0(19)  2.949(20) 96.95(62) Ge(9) -O(I )  x2 1,793(13) 

-O(13 I) x2 1.827(12) 
-O(16 t) x2 2-269(17) 

O(I) -O(13 ~) x2 2-610(18) 92.27(55) 
-O(13 "l) x2 2-509(17) 87.73(55) 
-O(16 ~) x2 2.930(22) 91.57(59) 
-O(16 vl) x2 2.853(20) 88.43(59) 

O(13 I) -O(16 j) x2 2.557(21) 76-40(56) 
-O(16 ~') x2 3.231(20) 103-60(56) 

Table 2 (cont.) 
M - O - M  

Distance angle 
Ba (1) polyhedron 
Ba(l) -0 (5)  2.851 (I 3) 

-0 (8 )  2-878 (14) 
-0 (9)  3.313(16) 
-O(10) 2.904(13) 
-O(14 x~) 2.843(13) 
-O(17) 2.732(15) 
-O(16 x') 3.013(18) 
- 0 ( 2  " " t )  2-791(14) 
- 0 ( 3  *" l )  2-783(12) 
-O(I  *m) 2.895(12) 
- 0 ( 4  *l') 2-959(14) 

Ba(3) polyhedron 
Ba(3) -0 (6 )  2-797(13) 

-0 (9 )  2.754(12) 
-O(10) 2.881 (15) 
-O(11) 3.135(13) 
-O(18) 3.158(14) 
-O(4 t) 3.702(14) 
- 0 ( 7  ~) 2.660 (13) 
-O(19 ~) 2.798(14) 
-O(11"") 2.896(13) 
-O(15"") 3.595(13) 
-0(4 'I11) 2.648(15) 

(ii) BaGe20  s III 
Ge(1) octahedron 
Ge(l) -O(1) 1.889(6) 

-0 (2 )  1.964 (14) 
-0 (3 )  x2 1.864(1) 
-0 (4 )  x2 2-013(10) 

O(I) - 0 (3 )  x2 2.836(1) 98.13(20) 
-0 (4 )  x2 2.650(14) 85.50(34) 

0(2) -0 (3 )  x2 2.677(I I) 88.71(41) 
-0 (4 )  x2 2.732(16) 86.77(49) 

O(3) -0 (4 )  x2 2.745(8) 90-06(27) 
- 0 ( 3  ~) 2-782(0 ) 96.49(9) 

0(4) -0(4 ~) 2.669 (22) 83.05(39) 

Symmetry code for BaGe20 5 1I 
(i) 0.5 - x ,  -0 .5  +y,  1 . 0 - z  
(ii) 0.5 - x, -0 .5  + y, - z  

(iii) -0-5 + x, 0.5 - y ,  +z 
(iv) 0.5 - x, 0.5 + y, 1.0 - z 
(v) 0.5 - x, 0.5 + y, - z  

(vi) -0-5 +x,  0 . 5 - y ,  - l . 0 + z  
(vii) 1-0 - x, -y ,  1.0 - z 
(viii) 0,5 +x.  0-5 - y ,  +z 
(ix) +x, +y, 1.0 + z 
(x) -x ,  -y ,  1.0 - z 

(xi) +x, +y, -1 .0  + z 

M - O - M  
Distance angle 

Ba(2) polyhedron 
Ba(2) -O(19) 2.920(14) 

-0(20)  3.328(13) 
-O(18) 3.473(15) 
- O ( I T  x) 2.442(15) 
- 0 ( 9  ~v) 3.140(16) 
-O(13 "l) 3.009(12) 
-O(14 I") 2.718(13) 
--O(11 i l l )  3-077(13) 
-O(12 "] ) 3,671(13) 
-O(15 m) 3-627(13) 
-O(  I ~x) 2,843 (13) 
-0(2 ~x) 2.771 (14) 
- 0 ( 5  Lx) 3.455(13) 

Ba(4) polyhedron 
Ba(4) -0 (3 )  3,723 (12) 

-0 (6 )  2.979 (13) 
- O ( I T  ~) 3.733 (16) 
-O(18) 2.561 (14) 
-0(20)  2.774 (13) 
-O(12 m) 2.912 (13) 
-O(13 "l) 2.721 (12) 
- 0 ( 7  ~) 2.784 (12) 
- 0 ( 8  ~) 2-975 (13) 
-O(10 ~) 3-658 (15) 
-O(12 ~) 2.818 (13) 
-O(3 x) 2-647 (12) 

Ge(2) tetrahedron 
Ge(2) -O(P')  1.707(14) 

- 0 (4 )  x2 1.823(10) 
- 0 ( 2  "~) 1.762(14) 

O(1 n) -0 (4 )  x2 2.918(14) 111.44(56) 
-O(2 I") 2.820(17) 108-77(66) 

0(4) - 0 ( 4  *~) 2-894(22) 105.10(45) 
- 0 ( 2  m) x2 2,937(16) 110.03(57) 

Ba polyhedron 
Ba -O(P  v) 2-825(11) 

-0 (2)  x2 2.799(1) 
- 0 ( 2  v) 3.055(13) 
-0 (3 )  x2 2.946(1) 
-0 (4)  x2 2-843(10) 
- 0 ( 4  v") x2 2.898(9) 
- 0 ( 4  Iv) x2 2.839(10) 

Symmetry code for BaGe20 5 Ill 
(i) 1.0 - x, +y, +z 
(ii) -0 .5  + x, +y, 0.5 - z 

(iii) 0.5 - x, -0 .5  + y, +z 
(iv) 0.5 - x, 0.5 + y, +z 
(v) -0 .5  + x, 0.5 - y ,  - z  
(vi) -x ,  +y, +z 
(vii) 0.5 - x .  0.5 - y ,  - z  

= 1.6080, w =  1; max. A/tr=0.22; Ap in final dif- 
ference map = - 5 . 6 - + 2 . 0  e A -3. 

(ii) BaGe205 III: tetragonal columnar crystal formed 
by {100}, {010} and {001}, volume 0.104 x l0 -6cm3;  
unit-cell parameters from least-squares fit for 35 
reflections with 30 < 2 8 < 4 5 ° ;  776 reflections 
measured, 535 independent reflections (IFol > 2trlFol) 
within 0 < 2 8 < 5 0  °, 241 unobserved; (sinS/2)max= 
0.7535A -1, 0<h_<8,  0 < k < 1 4 ,  0 < l < 2 1 ;  R =  
0.051, wR=0"064 ,  S = 2 . 3 1 4 ,  w = l ;  max. d / a =  
0.29; Ap in final difference map = - - 3 . 7 - + 2 . 3  e A -3. 
All other data as for (i). 

Discussion. Final atomic parameters are given in Table 
1.* The OR TEP plots of the structure of BaGe205 II 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 42127 (26 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 5 Abbey square, Chester CH 1 2HU, England. 
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and BaGe20_s III are shown in Fig. 1 (Johnson, 1965). 
In Table 2, bond distances and bond angles are listed. 

(i) BaGe205 II: Ge tetrahedra [Ge(1), Ge(4), Ge(6)], 
Ge hexahedra [trigonal bipyramids, Ge(8)] and Ge 
octahedra [Ge(2), Ge(3), Ge(5), Ge(7), Ge(9)] con- 
stitute the framework of the structure. The mean 
coordination of Ge is 5.125. There are three kinds of 
infinite chains of Ge polyhedra; two are parallel to the a 
axis [Ge(9), Ge(1), Ge(3), Ge(1), Ge(9)polyhedra;  
Ge(2), Ge(8), Ge(2), Ge(8), Ge(2) polyhedra], and the 
other one is parallel to the b axis [Ge(7), Ge(4), Ge(5), 
Ge(6), Ge(7) polyhedra]. These three chains form two 
ladder-like sheets, one parallel to (201) and the other to 
(201). These are shown in Fig. 2. As shown in Fig. 1 (a), 
this configuration of Ge polyhedra forms big tunnels 
along the b axis, where the Ba are located. As is seen 
in Table 2, the distances between Ba and the ambient 
oxygens are widely ranged, so that it is difficult to 
determine the coordination number for the four Ba. 
However, it seems to be around 11. As shown in Fig. 
2(c), Ge(3) and Ge(5) octahedra share an edge, and 
Ge(7) and Ge(9) octahedra also. As seen in Table 2, the 
distances Ge(5)-O(15) and Ge(9)-O(16) are extra- 
ordinarily long, and these Ge(5) and Ge(9) octahedra 
are largely distorted. The fact that both O(15) and 
O(16) are shared by three Ge polyhedra [Ge(5) and 
Ge(3) octahedra and Ge(6) tetrahedron for O(15), 
Ge(9) and Ge(7) octahedra and Ge(1) tetrahedra for 
O(16)] might be related to these distortions. 

(ii) BaGe205 III: Ge tetrahedra and Ge octahedra 
constitute a double-sheet structure. The mean coordi- 
nation number of Ge is 5.0. As shown in Fig. 1 (b), 
the sheet is perpendicular to the c axis. This structure is 
similar to that of the hexagonal perovskite-like com- 
pounds A B X  3 at high pressures (Syono, Akimoto & 
Kohn, 1969). That is, a view of this structure along the 
c axis shows that it is composed of layers consisting of 
O and Ba parallel to (001). The stacking of the layers is 
represented by the repetition - B a . 3 0 - 4 0 - B a . 3 0 -  
B a . 3 0 - - 4 0 - B a . 3 0 - ,  forming a hexagonally close- 
packed structure. The coordination number of Ba is 12 
and Ge occupy tetrahedral and octahedral interstices, 
which are possible only between Ba.30  and 40  layers 
and there is neither edge sharing nor face sharing of 
Ge polyhedra. As shown in Table 2, Ge and Ba 
polyhedra are not distorted. This very regular h.c.p. 
structure resulted in a higher density (6.12 g cm-3). 

Increase in density from II to III is 4.4%, which 
could be explained by the increase in coordination 
number of Ba, while the coordination number of Ge 
decreased slightly. 

Large electron densities are found in the final 
difference map for both phases (+_Ap~_ 3 e A-3). A 
similar residue is also observed in the case of another 
phase in the system BaO-GeO 2 (Ozima, 1985). This 
seems to be due to the inadequate fully ionized ionic 
model (Ba 2+, Ge 4+, 0 2-) for these substances. 

The author thanks Dr T. Kobayashi and Professor 
Y. Shimizu of Meiji University who kindly provided her 
with single crystals of BaGe205 III. 

T 

b 

(b) 

1 
(c) 

Fig. 2. Linkages of polyhedra in (a) chains along the a axis, (b) a 
sheet parallel to (201), and in (c) a sheet parallel to (~01) of 
BaGe205 II. 
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Structure of Mnln2Te4-II , an Indium Manganese Telluride High-Pressure Phase 
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Abstract. Mr=794 .978  , orthorhombic, Pnma, a= 
28.279 (3), b = 4.376 (2), c- -  7.124 (2)/k, V =  
881.59A 3, Z = 4 ,  D x=5 .989Mgm -3, MoKa,  2= 
0.7107 ,/t (graphite monochromator), g = 
199.64 mm -1, F(000) = 1292, T =  296 K, final R = 
0.0267 for 853 unique reflections. The high-pressure 
phase Mnln2Te4-II has been synthesized from 
Mnln2Te4-I at a hydrostatic pressure of 1.5 GPa and 
T =  1073 K. The structure comprises layers of MnTe 6 
octahedra [Mn-Te 2.889(2)-3.014(2)/k]  stacked 
along [100] and bridged by chains of InTe4 tetrahedra 
[In(1)-Te 2.767 (1)--2.794 (1); In(2)--Te 2.756 (1)- 
2.835 (1) A]. 

Introduet|on. The structure of Mnln2Te4-I (tetragonal, 
space group I42m, a = 6.191, c = 12.382 ,/k), stable at 
atmospheric pressure, can be derived from the 
sphalerite structure (Range & H/ibner, 1975). The 
doubling of one of the three cubic axes of the 
sphalerite-type unit cell is caused by an ordering of the 
vacancies as in the CdGazS 4- and fl-Cu2HgI4-type 
structures. However, the different cations are distri- 
buted randomly over the occupied tetrahedral sites. The 
purpose of this study was to achieve an ordered 
arrangement of the different cations under the influence 
of high pressure. 

Experimental. Experiments were carried out in a 
modified Belt-type high-pressure apparatus (Range & 
Leeb, 1975) using BN as crucible material. Tem- 
perature was varied in the range 973 to 1173K, 
pressure in the range 0.5 to 2.0 GPa. Up to 1.0 GPa 

* To whom correspondence should be addressed. 
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and 1073 K the phase Mnln2Te4-I remains stable. After 
quenching from 1.5 GPa and 1073 K a new phase was 
obtained, and proved to be homogeneous by Guinier 
photographs. Therefore, this phase (MnIn2Te4-II) is a 
high-pressure phase, metastable under normal condi- 
tions. At still higher temperatures and pressures 
MnIn2Te4-II becomes unstable again and decomposes. 

A silvery crystal fragment (approx. 20 x 30 x 
60 lam) used for data collection on an Enraf-Nonius 
CAD-4 diffractometer; 25 reflections used for measur- 
ing lattice parameters; experimental absorption correc- 
tion (gt scan, min. correction factor 0.9511, max. 
0.9994); intensities measured for 2 ° < 0 < 25°; 09-20 
scan technique; 0 < h < 33, --5 < k < 5, - 8  < l < 8; 
three standard reflections (200, 114, 3,0,1-2) with a 
total loss of intensity of 3% throughout data collection; 
3149 reflections measured, 853 unique (Rtn t = 0"03), 
210 unobserved [F < 2tr(F)]. The positional parameters 
of the first four Te atoms [Te(1)] were determined using 
direct methods (MULTAN82; Main, Fiske, Hull, 
Lessinger, Germain, Declercq & Woolfson, 1982); the 
positions of the remaining Te atoms and of the 
cations were taken from difference Fourier syntheses 
(SHELX76; Sheldrick, 1976). In least-squares refine- 
ment I Ff magnitudes were used to refine atomic 
coordinates, occupation factors and anisotropic tem- 
perature factors. R = 0.0267, wR = 0.0356 [w = k/ 
e(F) 2 + IglF2]. (A/o)max <0.001 in final refinement 
cycle. Final difference Fourier synthesis showed 
residual electron density of 1.14 (max.) and 
-2 .11  e/k -3 (min.). Atomic scattering factors and f ' ,  

f "  values from International Tables for X-ray Crystal- 
lography (1974). Bond distances and angles calculated 
using the program SADIAN (Baur & Wenninger, 
1969). 
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