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Table I 
pa- phase compos it ion tie 
-nt outer part central part 
~r 

1 WEW HAPA+UA 
2 WED+WEW WEW+HAPA+UA 
3 WEW+WED WEW 
4 HAPA+STRU WEW+HAPA 
5 WEW+WED+HAPA+STRU WEW+HAPA+UA 
6 WEW+HAPA HAPA 
7 WEW+WED WEW+WED+HAPA+UA+STRU 

Table II 
pa- pa-
tient phase tient phase 
Inr \fir 
land composition and compos it ion 
stone stone 
inr nr 

I-1 WEW+WED III-1 WEW 
I-2 WEW 1II-2 WEW+WED+UA 
I-3 WEW+HAPA IV-1 HAPA+STRU 

II-1 WEW+HAPA+UA+STRU IV-2 HAPA+STRU+WEW 
II-2 WEW+HAPA+STRU 

08.2-39 
NEW STRUCTURES IN THE BaO-I>.1203-Ti02 SYSTEN OF 
SIGNIFICANCE TO THE SYNROC PROCESS 

B.N. GatehollS8, Che:r.1.istry Department, 
Monash University, Clay~on, 
Victoria, 3168, Australia. 

Interest in the alkaline earth allliliinillili titanates, 
especially the BaO-A1 2 0 3 -Ti0 2 system, has heightened due 
to the work of Professor Ring;.vood and cOvlOrkers (1) on 
their proposed Sy~ROC process for the long term storage 
of radwaste. SYNROC consists principally of three 
minerals, holl~~dite (BaF_l~Ti6016) I perovskite (CaTi0

3
) 

and zirconolite (CaZrTi 2 0
7
). Each of these synthe

ticallv formed mineral sD8cies has been shown to incor
porate- different rad'l;.,rast-;' ions in varying proportions 
(2) • 

The structure of Ba2,Ti g0 20 '\<las determined 
recently (3) and shoWT~ to contain blocked tunnels or 
cavities of the hollandite type in which bariQ~ ions are 
situated, and as a result of G~is finding other phases 
that might be of signific~~ce to the Sr~ROC process have 
been sought. 

The structures of two compounds in the BaO-Al z0 3-
TiO." system, whose compositions were previously knOvln 
but-whose crystal systems and s~lnIDetries had been in
correctly reported (4), have been determined. The 
first, Ba3TiAII0020 is monoclinic, a = 15.631(4) t b 
11.373(2), c = 4.981(1), S = 107.77(2)° C2jm. The 
structure consists of sheets of corner-shared Al0 4 
tetrahedra, two deep, lip~ed by corner-sharing to 
parallel ribbons of edge-shared octahedra. Each ribbon 
forms part of four separate tunnels of two different 
types. One is 'five-sided' and the other 'six-sided'; 
both acco~uodate barium ions that are ten- and eight-

I 

I 

coordinate respectively. 

The second compound, BaTiA1 60 12 is or~horhombic, 
a = 4.862(1), b = 7.136(2), c = 13.598(3) A, Pnn2. Its 
structure consists of ribbons of octahedra joined by 
sheets of tetrahedra to form parallel 'six-sided' 
tunnels~ The barium ions in the tunnels are ten
coordinate. 

In the first structure the tunnels are inter
connected whereas in L~e second they are not. A full 
description of the structures will be presented together 
with their relevance to the SYNROC process. 
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08.2-40 NEW COMPOUNDS WITH Ge4 4 - TETRAHEDRANE
fu~IONS. By J. Llanos, R. Nesper and H.G. von 
Schnering, Max-Planck-Institut flir Festkorper
forschung, D-7000 Stuttgart 80. 

I-lV-compounds of Na, K, Rb and Cs are not pre
cisely characterized up to now [1,2,3,4]. Be
sides some clathrate compounds of the MSX46 and 
M24X,36 type, only the MX-compounds are ob
served. Their common unit is the X4 4- tetra
hedraneanion which is always coordinated by 
four metal atoms in form of a distorted cubane 
M4X4 . Different crystal structures arrive from 
different cubane packings [5]. We have rein
vestigated precisely NaGe (P2/c, a=12. 673(4), 
b=6.668(3), c=11.498(3) R, B=120.21 (2) ; KGe 
lP43n, a=12.734(1) R); RbGe (P43n, a=13.198(3) 
X and CsGe (P43n, a=13.654(5) R) to discuss the 
cubane geometry in different structures [6]. 
Moreover new ternary germanides of alkaline 
metals with the composition MxM"-XGe have been 
prepared and investigated. Two new structure 
types occur which contain new arrangements of 
cubanes and exhibit the special character of 
the Na-Ge4 interaction. 

The compounds M7NaGes crystallize cubic in Pa3 
lK7NaGes, a=12.684(1) R; Rb 7NaGes, a=13.165(1) 
X; Cs7NaGes, a=13.472(3) R) with Z=4. They con
tain the linear M3Ge4-Na-Ge4M3 unit, which ex
hibits the geometry of a corner-shared double 
cubane M3NaGe4. One of the large cations M stays 
without direct contact to Ge4, preserving the 
MX composition. The structure of such compounds 
is therefore represented by a quarternary aristo
type M'M"6NaXS, which could pe rationalized in 
CsK6NaGes (Pa3, a=12.879(3) X) 

The compound CS2Na2Ge4 crystallizes with a new 
structure type, which is related to the NaPb-
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structure (P21/n, a=12.969(7), b=9.782(4), 
c=8.517 (4) R, 13=106.31 (4). The central unit is 
a onedimensional infinite chain ~[Na2/2NaCsGe4] 
which consists of linked cubanes {-[NaCsGe4]
Na - [Ge4CsNa] - Na} in trans-a:.:rangement. A 
further Cs atom staYS without direct contact 
to the Ge4-units and preserves again the compo
sition MX. The structure of this compound is 
represented by the formula Cs~[CsNaNa2/2Ge4]. 
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oa2-41 SYNTHESES AND CRYSTAL STRUCTURES OF 
AMINOPYRIDINIUM POLYMOLYBDATES. By J. M. 
Gutiirrez-Zorrilla 3

, P. Romina T C. Esteban
Calder~nb. M. Martinez-Ripollb and S. Garcia
Blanco b • a) DePt. QuiMica (Inorsinica) Univ. 
del Pais Vasco. Aptdo. G44. Bilbao. Spain. 
b) DePt. Rayos Xr Instituto Rocasolano eSIer 
Serrano 119. Madrid-G. Spain. 

AMinopvridiniuM hePta- and octaMolvbdates have 
been prepared in a9ueous or H2 0/DMF solutions. 
Preparation of these cOMPounds can be Formula
ted b v equations (1) and (2): 

aq.sol. 
--------) IBH)6 M07 021 • nHzO 
pH :> G.5 

HzO/DMF 

pH < 3.5 
(2) 

B = 2-aMinoPY (i), 3-aminoP¥ (ii)1 4-aMino?¥ 
(iii), 2-amino-3-methylpy {iV)r 2-amino-4-Me
thYlpy (v). 2-aMino-5-Methylpv (vi) and 2-aMi
no-G-Methvlpy (vii) 
S' = 2-aminopy (viii). ( p y = p yr i din e) 

Sinsle crystals of (i). (iii). (iu). (viI and 
(viii) have been obtained. 
Cryst.al data For (i I are: (C SH7 Nz I" M0 7 0 24 .3H z O 
a=14.81Gl(4). b=17.5073(4). c=20.8492IGIA. (3= 
107.503(21°. !)=5153.7(3IA3• Z=4. P21/n. Do=2.15 
Dx=2.17 s cM-3. R=O.030. wR=0.034 For 4959 ob
served reFlexions. The structure contains iso
lated (M0 7 024 IG- anions linKed to the 2-aOlino
pyridiniuM cations and water Molecules throush 
hydrosen bands of N-H ..• O and O-H ... O type. 
Cryst.l structures of (iii), (iul. (uil and 
(viii) are in pr09ress. 

08.2-42 SYNTHESIS AND CRYSTAL SYMMETRY OF A 
M?NOCLINIC MODIFICATION OF MoO~.H20. 

by J.L. Garln and M.A. Solar. Departamento de 
Metalurgia, Universidad de Santiago de Chile, 
Santiago, Chile. 

Molybdenum trioxide mono-hydrate is f~rmed as 
an inter'mediate substance during thermal decom
position of some ammonium molybdates, the final 
product being anhydrous molibdenum trioxide. 
The compound has been reported in earlier lite
rature, as having at least three different pha
ses. The structure of the white modification 
or "a-molybdic acid", for instance, crystalli
zes with triclinic symmetry in the space group 
pI (BHschen and Krebs (1975), Acta Cryst. B30, 
1795). -

- The authors synthesized another modification of 
the compound, by leaching of molybdenite concen
trate with nitric acid. Single crystals gro
wing in well-sphaped white needles were obtai
ned. The chemical composition of the crystals, 
as determined by usual analysis techniques, was 
found to be very close to stoichiometry. 

The crystal data for iVioO 3. H? 0 where determined 
by I'cearding three dimcDsiofial data on Weissen
berg and Buerger precession photographs, using 
Ni-filtered Cu-radiation. The unit cell i§ mo
noclinic, with a=9.7201, b=3.7251, c=7.179A, 
S~102~4° and space group P2 1 /m. 

The calculated density, assuming four formula 
lnit in the unit cell, is 4.24 g cm- 3 . The mea
sured value resulted to be 4.20 g cm-3. 

From our results we can conclude that the com
pound under study discloses another white isomer of 
No03 ·HZO. 

oa2-43 STRUCTURAL CHARACTERISTICS OF 
IV V VI LaZGe Ge Ge 09 AND RELATIONSHIPS TO THE RARE 

EARTH ALUMINIUM GERMANATES OF THE TYPES 
V REZAICGeO? ZOH AND REAIGe 05 . By K.-H. Klaska, 

M. Werk and O. Jarchow, Mineralogisch-Petrogra
phisches Institut der Universit~t, Grindelallee 
48, ZOOO Hamburg 13, Germany. 

_ IV V VI 
Slngle Crystals of La 2Ge Ge Ge 09 were syn-

thesized hydrothermally at 800 0 C and 1500 bar. 
IV V VI _ 

La 2Ge Ge Ge 09 crystall1zes in space group 

AI with a=7.68 6 ~, b=5.71 2 ~, c=16.57 0 ~, 

~=90.59°, fl=109.82°, 0=88.72
0 and Z=4. The 

direct method program MULTAN 80 was used for 
the structure determination. The structure is 
characterized by slightly distorted [GeO~-

octahedra, [Ge0 5] -tetragonal pyramids and 

[GeO; -tetrahedra. To the best of our know

ledge this is the first structure with three 
different coordination numbers of the Ge-atoms. 
The CGe0 6J-octahedra join into chains parallel 

[OIOJ by sha r in g edges. Adj acen t chains are 
crass-linked by pairs of edge-sharing tetra
gonal pyramids. In addition an inter-chain 
linkage is provided by insular [GeO; -tetra-

hedra. The Ge-polyhedra form layers running 
in the a,b-plane. These layers are connected 

by La 3+_0 bands to a three-dimensional net-
work. IV V VI 
The new compound La 2 Ge Ge Ge 09 has a 
structure closely related to those of 

V RE ZAICGe0 4J ZOH and REZAIGe 05 (Jarchow, Klaskaj 

Werk, Z. Krist. (1982) 159, 65-67). All three 
structures are based on straight chains of 
edge-sharing octahedra. 


