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UPON SOME INORGANIC HETEROCYCLES IN 
THALLIUM (I) BORATES AND GERMANATES 

MARCEL TOUBOUL 

Laboratoire de Chimie Structurale des Matkriaux, Universitk P. et M.  
Curie-Biit.F, 4, place Jussieu, 75230 Paris Cedex 05, France 

The structural study of some hydrated thallium (I) borates shows the existence of macroionic chains 
which can be considered as condensed heterocycles. In TI [&04(OH)2] 0.5H20,  the unit is the well 
known B,O, ring; it is formed by two BO, triangles (A) and one BO, tetrahedron (T); these units are 
linked to form an infinite chain; its shorthand notation is 3 :  00' ( 2 8  + T). The structure of Tl, 
[B70,,,(OH)3 . OBO(OH)] H,O contains a unit constituted by three q0, rings linked together by horon 
a~onis; each ring is formed by two BO, tetrahedra and one BO, triangle; the corresponding fully hydrated 
polyanion is [B7O9(0H), l4- .  The chain is made up of units linked by BO,(OH) triangles; the shorthand 
notation of this borate is: 7 : m1 [(3A + 4T) + A]. 

The structure of TI,Ge501, is composed of isolated GesO,, units; they are formed by a crown of four 
GcO, tetrahedra linked by shared oxygens; two other oxygens of two of these GeO, tetrahedra belong 
also to a fifth GeO, tetrahedron which is located at the center of the crown. 

In the general study of the oxygenated thallium (I) compounds, we paid attention to 
berates'-'' and germanates."*" The crystal structure determinations enabled us to 
show the existence of chains or isolated units which may be included in inorganic 
heterocycles as they were defined by Professor Garcia-Fernandez.', 

I. HYDRATED BORATES 

I )  In the hydrated triborate, Tl[B,0,(OH)2]0.5H20,7 the polyanion is a chain made 
up of the well known B,O, heterocycles (Figure 1). This compound agrees with the 
structural classification of borates proposed by Christ and Clark;14 this one is based 
on the existence of fundamental building blocks (FBB) which, in borates, are found 
isolated or form, by linkage, chains, sheets or three-dimensional networks. So, the 
shorthand notation of this !riborate is 3 : ool (2A + T) ( A  = BO, triangle; T = BO, 
tetrahedron). 

2) The second compound studied is a hydrated diborate Tl,[B,012(OH)4]H20.8 
The borate ion is a chain made up of units formed by eight boron atoms (Figure 2); 
the FBB existing in these units is different of those previously des~r ibed . '~* '~  In this 
borate, a new FBB with seven boron atoms is found (Figure 3). The shorthand 
notation is 7 : 00' [(3A + 4T) + A]; the linkage between two blocks is made by a 
B02(OH) triangle, B(8) in Figure 2. 

In Figure 4, we have reported the known units of two hydrates of thallium (I) 
diborate: T1 2[B406(OH)2]2H20,16 a and Tl,[B,0,2(OH),]H20, b; their shorthand 
notations are respectively 3 : 00' [(A + 2T) + A] (16) and 7 : 00' [(3A + 4T) + A]. It 
can be noted on Figure 4 that the b ion is the dimer of the a ion (9). Another 
hydrate of thallium (I) diborate exists, T12B407H20;' its structure could contain 
chains made up of units described in Figure 4c (10); the structural formula could be 
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FIGURE 2 Crystal structure of Tl, [$O,,(OH),] H,O. 
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cycle c 

FIGURE 3 Fundamental building block with seven boron atoms. 
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FIGURE 4 
1.5H20 and T12B40, .  1 H 2 0  

Units of the chains in the hydrates of thallium (I )  diborate: T12B40, . 3H20, TI,B40, 
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148 M. TOUBOUL 

TI,[B,,O,,(OH),] where the c ion is the trimer of a ion. A new FBB with eleven 
boron atoms could exist in this borate: 11 : 00' [(5A + 6T) + A)]. This hypothesis 
has not been confirmed by structural determination because no crystal has been 
obtained. Nevertheless, a few arguments may be put forward to support this 
hypothesis. The percent water has been determined by chemical and thermogravi- 
metric analysis and also by the study of the binary system H,0-T12B407.'0 The 
very simple powder diagram of this compound may be indexed in a hexagonal 
lattice; its experimental density corresponds to three.TI,B,O, . H,O in a cell which 
agrees with the structural formula ~,[Bl2O1,(OH),]. 

11. THE Tl,Ge501, GERMANATE" 

The formula of this compound has been established by structure determination. It  is 
constituted of isolated units Ge5Ol4 which consist of five GeO, tetrahedra linked by 
some vertices (Figure 5).  Four GeO, tetrahedra, joined by two vertices form a crown 
and the fifth GeO, tetrahedron is located at the center of the crown; it is linked with 
two symmetrical GeO, tetrahedra. An isostructural thallium (I) silicate Tl ,Si 50,, 
has been synthesized.', Ge501, and Si 5014 heterocycles have never been reported 
before. 

05 
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. \  
FIGURE 5 Isolated unit Ge,O,, in Tl,Ge,O,, (Ge-0 bond lengths in A). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
0
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



THALLIUM (I) BORATES AND GERMANATES 

REFERENCES 

1 .  M. Touboul. Reour de Chimie Minkrule, 8, 347 (1971). 
2. M. Touboul, C . R .  Acud. Sci. Puris, 277, 1025 (1973). 
3.  M. Touboul and D. Amoussou, C.  R .  Acud. Sci. Puris, 285, 145 (1977). 
4. M. Touboul and D. Amoussou, J. Less Common Metuls, 56, 39 (1977). 
5. M. Touboul and D. Amoussou, Revue de Chimie Minirule, 15, 223 (1978). 
6. D. Amoussou. R. Wandji and M. Touboul, C. R .  Acud. Sci. Puris, 290, 391 (1980). 
7 .  M. Touboul, C. Bois. D. M a n p  and D. Amoussou, Actu Cryst., C39, 685 (1983). 
8 .  M. Touboul, C. Bois. and D. Amoussou, J. Solid Stute Chem., 48, 412 (1983). 
Y. M. Touboul. D. Ingrain and D. Amoussou, J. Less Common Metuls. 96, 213 (1984). 

10. M. Touboul and D. Amoussou, J .  Thermal Analysis. (1985). in press. 
1 1 .  M. Touboul and Y. Feutelais, Actu Cryst., B35, 810 (1979). 
12. M. Touboul and Y. Feutelais, J. Solid Sture Chem., 32, 167 (1980). 
13 .  H. Garcia-Fernandez, Les HitProcycles en Chimie Minkrule, (1964) Edition Hermann. Pans. 
14. C. L. Christ and J. R. Clark, Phys. Chem. Miner., 2. 59 (1977). 
15. J .  Farmer, Chemistv und Industry, 5, 145 (1982). 
16. K.  H. Woller and G.  Heller. Z. Kristullogr., 156, 151 (1981). 

149 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
0
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


