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SYNTHESIS AND STRUCTURE OF LiTiZrXq (X = S, Se, Te) 
LAYERED COMPOUNDS 

ZYGMUNT A. CYBULSKI 
Chemical Institute of Technology and Engineering, 
Technical and Agricultural University, 
85-326 Bydgoszcz, Poland 

Abstract The LiTiZrXq compounds were slowly formed through a several days 
reaction between dispersed Tar& phase and LiCa9. The obtained black 
crystaline powders are unstable in air . All these compounds exhibit structures 
close to that of Ti% and ZrXq . 

INTRODUC TION 

The intercalation behaviour of ternary selenide of transition metals seems to be less 
investigated than the binary diselenides. The chalcogenide TflrTe4 put in contact 
with a hexane solution of LiC&I9 gives LiTiZrTe4.1 It was interesting to study and 
explain, inalogically to the above cases, the interactions of TiZrSe4 and TiZrS4 with 
L i C a 9 .  

The preparation of the LiTiZr& intercalates is performed through reaction 
between the ternary Titanium-Zirconium-Chalcogenides and a L i C a 9  solution in 
hexane. The LiTiZr& compounds form slowly during a several days reaction. 
Another way to prepare the LiTZrG intercalats consist to start from the 
stoichiometric proportion of the four elements. The reaction in the solid state is 
carried on in an evacuated silica tube by heating for about 10 days up to 1173 K. 
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128 Z.A. CYBULSKI 

All the new compounds are significantly less stable at room temperature in air than 
the Silver-Titanium-Zirconium-Chalcogenides.2 Therefore the powder samples of 
LiTiZrG (X = S, Se, Te) were prepared using an epoxide polymer for embedding 
in order to prevent their decomposition during X-ray diffraction pattern recording. 

X-RAY DIFFRACTION AND STRUCTURE 

X-ray diffraction values observed and calculated for LiTZr& (X = S, Se, Te) have 
been published previously. The X-ray diffraction pattern together with the indexing 
and intensities are shown in Table 1, 2 and 3. 

All the LiTiZr& compounds show a small number of diffraction lines. However, 
for LiTiZrTe4, it is possible to use two cells a hexagonal one with a=385.3&0.7 pm, 
c=2610.5rt0.4 pm , 2=2 and a monoclinic one with a=667.4&0.5 pm, 
b=385.3&0.7 pm , c=2610.5&0.4 pm , p=91.320, 2=4. 
For LiTiZrSe4 it is also possible to index the phase diagram either with a 
hexagonal cell with a=635.&1.3 pm, c=1212.@2.4 pm , 2=3 or a monoclinic one 
with a=631.&0.98 pm, b=364.5*0.55 pm , p=91.30, z=4. 

For LiTiZrS4, it is not possible to index the diagram in the hexagonal symmetry. 
It can be done only in the monoclinic symmetry with a=612.@0.8 pm, 
b=380.7*0.6 pm , c=2486.@1.1 pm , p=90.50 and 24. 
LiTiZrG consist in a layerlike structure of the CdJ2 typ. Cationic sites 
alternatively occupied by Ti and Zr atoms yielding rows perpendicular to the 
(1 10) direction. 

Figure 1 shows the molal volume change, in per cent, for LiTZrG chalcogeni- 
des in comparison with the corresponding ternary chalcogenides TiZrG versus 
the X2- radius. 
Contrary to the two other LiTiZra phases the molal volume of LiTZrTe4 is 
nearly 3.5% smaller than for TiZrTe4. This may be related to the large sites of 
the phase and the high polarisability of the Li+- Te2- bond . D
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SYNTHESIS AND STRUCTURE OF LiTiZrX, (X = S ,  Se, Te) 

218.45 
217.63 
192.97 
192.65 
192.62 
183.09 
182.96 
164.16 
163.54 
163.50 
162.51 
162.08 
125.18 
125.11 
125.03 

1 29 

3 02 
119 
307 
020 
310 
122 
21 rn 
30 ii 
11 Fi 
223 
403 
224 
5 13 
423 
22 Fi 

Table 1, Spacings and intensities of the powder diffraction pattern of LiTiZrTeq 
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Table 2. Spacings and intensities of the powder diffraction pattern of LiTiZrSeq 

a=635.0f1.3 pm 

c=1212.032.4 pm 
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Dx=5 .43 gcm-3 
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SYNTHESIS AND STRUCTURE OF LiTizrX, (X = S, Se, Te) 131 

Table 3. Spacings and intensities of the powder diEaction pater of LiTiZrSq 

PROPERTIES OF LiTiZra 

All the compounds are very unstable in air and generate the oxide hydrates of Ti 
and Zr 
first step, H2S, then sulfbr. The decomposition of LiTiZrSe4 and LiTiZrTe4 gives 
amorphous Se and Te. It is very probable that, in the case of LiTZrS4, the 
decomposition takes place as follows: 

a result of hydrolysis. For LiTiZrS4 , the product of hydrolysis is, in the 
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132 Z.A. CYBULSKI 

108 - 
106 - 
104 - 
102 - 
100 - $ I  

Q 8 -  

9 6 -  

2 LiTiZrS4 + 7/2 0 2  + 5 H20 + 2 TIZr03(0H), + 2 LiOH + 3 S2 + 2 H2S 

S 

~ ~ . . . . , . . . . , . . . . , . . . . , . . , . , . . . . , . . . . ,  . . . .  . . . .  . , . . . . I  

The electrical conductivity was measured in the 297 K to 428 K temperature range. 
The results of the above measurements show a very good electrical conduction at 
room temperature. The conductivity decreases with temperature increasing. 
However, it is lower than for the metals. The LiTiZrX 4 show, within the temperature 
range from 298 K to 450 K , the conductivity characteristic for metal 3 , from 
10-1 R-lcm -1 to 10 -1 R -1cm-1. 

CONCLUSION 

It is posible to prepare the LiT1ZrQ compounds by two different methods: 
from the elements or from LiC4H9 and TiZrQ suspension in hexane. The cationic 
sites are alternatively occupied by Ti or Zr atoms rows perpendicular to the 
(1 10) direction. The intercalation by Li-ions causes c parameter enlarged. All the 
compounds show, within the temperature range from 298 K to 450 K, the 
conductivity characteristic for metals. 
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