
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Physics and Chemistry of Liquids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713646857

Electrical Conductivity and Magnetic Susceptibility of Liquid Tl2 (TexSe1-x)
Mixtures
M. Misonoua; H. Endoa; H. Hoshinob

a Department of Physics, Kyoto University, Kyoto, Japan b Faculty of Education Hirosaki University,
Hirosaki, Japan

To cite this Article Misonou, M. , Endo, H. and Hoshino, H.(1980) 'Electrical Conductivity and Magnetic Susceptibility of
Liquid Tl2 (TexSe1-x) Mixtures', Physics and Chemistry of Liquids, 9: 3, 191 — 199
To link to this Article: DOI: 10.1080/00319108008084776
URL: http://dx.doi.org/10.1080/00319108008084776

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319108008084776
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phys. Chem. Liq., 1980, Vol. 9, pp. 191-200 
003 1-9 104/80/0903-0191rS04.50/0 
@ 1980 Gordon and Breach Science Publishers, Inc. 
Printed in the U S A .  

Electrical Conductivity and Magnetic 
Susceptibility of 
Liquid TI,(TeXSe 1 -x ) Mixtures 
M. MISONOU and H. END0 
Department of Physics,' Kyoto University, Kyoto 606, Japan 

and 

H. HOSHINO 

Faculty of Education, Hirosaki University, Hirosaki 036. Japan 

(Receiaed November 10, 1979) 

The electrical conductivity u and the magnetic susceptibility x of liquid TI,(Te,Se, -=) mixtures 
have been measured up to 900°C. The concentration dependence of magnetic susceptibility due 
to the conduction electrons, x.,  Is considerably small in the intermediate concentration range 
at low temperature and x I  changes continuously at  high temperature. 

1 INTRODUCTION 

The X-ray diffraction pattern for liquid T1,Te' shows simply damped 
oscillation and the thermodynamic data' indicate that concentration fluctua- 
tion SJO) is extremely small in liquid T1,Te. These pieces of evidence 
encourage us to believe that the atomic arrangement of liquid TI,Te is quite 
isotropic like those of some molten  salt^.^^^ Although there are no available 
X-ray diffraction and thermodynamic data for liquid Tl,Se, it may be expected 
that the atomic arrangement of liquid T1,Se is quite isotropic as well as that of 
liquid Tlz Te. Recent X-ray photoemission mea~uremen t~*~  reveals that 
there exists stronger ionicity in solid Tl,Se than that in solid T1,Te. By 
replacing Se atoms in liquid Tlz Se with Te atoms, the nature of the bonding 
between T1 and atoms surrounding the T1 is expected to change. As a result, 
the electronic band structure may change. The magnetic susceptibility 
provides rather direct information about the density of states at the Fermi 
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level, N(E,), so its measurement in liquid T12(TexSe, -J mixtures is of some 
importance. Comparison of the data for the magnetic susceptibility x and the 
electrical conductivity a provides further information about the electronic 
structure for these mixtures. 

In this paper, we report the results of a and x of liquid Tl,(Te,Se,-,) 
mixtures. 

2 EXPERIMENTAL PROCEDURE 

It is well known that the liquid-liquid two-phase region exists near the 
stoichiometric composition T12 Se and T1,Te in liquid TI-Se6 and TI-Te’ 
systems, respectively. Therefore, in order to make sure whether or not the 
mixtures are homogeneous, we have used a multi-electrode cell which was 
designed for the detection of the two-phase region.’ The cell was made of 
Pyrex glass with six or eight tungsten electrodes. Homogeneous mixtures were 
obtained by mixing the specimen in the rocking furnace around 600°C. The 
temperature was measured by an alumel : chrome1 thermocouple. 

Magnetic susceptibility measurements were carried out by the usual 
Faraday method. The specimen was sealed in a quartz tube under vacuum. 
In order to minimize the diamagnetic contribution from the quartz-cell and 
-holder, we have made their wall thickness as thin as possible. The specimen 
cell is 5 mm in diameter and 25 mm in axial length. The magnetic field 
strength was 5730 G with a pole piece gap 60 mm and the product of the 
magnetic field and its gradient, H ( a H / a x ) ,  was 1.92 x lo6 G2/cm. As a 
standard, Mohr’s salt FeS04(NH4)2S04 6 H 2 0  was used. 

The concentration of the specimen was determined by weighing Te, Se 
(both 99.999 % purities) and TI (99.99 % purity). The experimental error in 
the temperature was less than 1.0% while the error in the conductivity was 
less than 2%. The error in the susceptibility was no more than 1.0 x 
emu/mole. 

3 RESULTS AND DISCUSSIONS 

In Figure 1, the results of B are plotted as a function of reciprocal temperature 
fordifferent liquid TI,(Te,Se, -,)mixtures. The temperaturevariationsofa for 
T1,Te and T1,Se agree with the results of Cutler’ and of Nakamura and 
Shimojiy respectively. It is noted that the plots of log B - 1/T in these 
mixtures are accurately linear except near the melting points. 

In Figure 2, the temperature coefficients of B, d In old( IlkB T), at 550°C are 
shown for the mixtures of T12(TexSe, .-x). The temperature coefficient has the 
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FIGURE 1 
liquid TI,(Te,Se, -J mixtures. Arrows indicate the melting points of mixtures. 

Logarithmic plot of conductivity as a function of reciprocal temperatures for 

largest value for TI,Se. It decreases gradually with addition of T1,Te and 
drops sharply near Tl, Te. 

Figute 3 shows the concentration variations of IJ at 500 and 600°C. As seen 
in this figure, ct increases considerably with a slight addition of TI,Te to 
TI, Se and by further increasing Ti, Te concentration the rate of increase in G 
becomes small. Above 50 mole % T1, Te IJ again increases rapidly. 

In Figure 4, the molar susceptibility zto, for various TI,(Te,Se, -J mixtures 
is shown as a function of temperature. Values of x~~~ for 10, 30, 40 and 60 
mole % T1,Te mixtures have been omitted from this figure for purposes of 
clarity. The present result of xl0, for TI,Te agrees with the previous results by 
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FIGURE 2 Temperature coefficients of conductivity, d In u/d( l /k ,T) ,  at 550°C for liquid 
TI,(Te,Se, -J mixtures. 

Uemura et al.,” by Tsuchiya et al.” and by Gardner and Cutler” within the 
experimental errors. For TI,% the present result is in agreement with the 
result by Uemura et al.” within experimental error. The values of xlOl are 
negative and increase with temperature in the whole concentration range. 

The magnetic susceptibility xtot is given by 

Xtot = Xi + X e ,  (1) 

where xi is the ion core contribution and xe the contribution from the con- 
duction electrons which is proportional to N(E,).  According to the diffusive 
conduction model predicted by Mott,I3 o is proportional to {N(E,)}’ .  There- 
fore, x~~~ should be a linear function of a’/’. Though the values of c in these 
mixtures are relatively smalli2 and do not cover wide temperature ranges,l4.l5 
we have attempted to plot xlot as a function of 0’”. Such plots are shown in 
Figure 5 for liquid Tl,(Te,Se, -,) mixtures with x = 0.2,0.5 and 0.8. As seen 
in this figure, the points all fall nicely around the straight lines. From these 
intercepts xi are obtained for the respective concentrations. Figure 6 shows 
the values of xi estimated from the plots xlol versus ol/’ for various concentra- 
tions of liquid Tl,(Te,Se, -,) mixtures. These values of x i  are in reasonable 
agreement with the calculated values of x!“ by assuming that the ionic species 
in liquid TI,(Te,Se, -J mixtures are Tl’, Te2- and SeZ-. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
5
4
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



LIQUID TI,(Te,Se, -J MIXTURES 195 

0- 
T12Te 

mole% TI2 Se 

FIGURE 3 
mixtures. 

Concentration variations of conductivity at 500 and 600°C for liquid TI,(Te,Se, 

Figure 7 shows ze estimated by subtracting xi  from xCor for liquid 
Tl,(Te,Se, -,) mixtures at different temperatures. It is found that ze has a 
positive sign and increases with increasing temperature. As seen in the figure, 
ze decreases rapidly with a slight replacement of Te atoms in liquid T1, Te by 
Se atoms and by further increasing T1, Se concentration the rate of decrease in 
xe becomes extremely small. Near Tl,Se, ze decreases again. It should be 
emphasized that the region where the concentration change of ze is con- 
siderably small diminishes with increasing temperature. This region is 
indicated by the broken line in Figure 7. 

The fact that B and ze decrease largely by replacing Te in liquid T1, Te to Se 
atoms may be associated with a rapid destruction of the structure in liquid 
TI,Te. This structural change may cause thedrastic increase of the temperature 
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FIGURE 4 Temperature variations of molar susceptibility xtD, for liquid Tl,(Te,Se, -=) 
mixtures. Arrows (1) indicate the melting points of mixtures. Note discontinuities in vertical 
scale. 
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x = 0.2, FIGURE 5 
0.5 and 0.8. 
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FIGURE 6 Ion core diamagnetisms xi of liquid TI,(Te,Se, -J mixtures. Open circles denote 
the values obtained as the intercepts at u = 0. Bold line indicates the calculated values of xi by 
assuming TI+, Te2- and Se2- ions in the liquid TI,(Te,Se, -J mixture. 
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0 
T$Te mole%T12Se TI2Se 

FIGURE 7 Electronic contribution to the susceptibility, x. for liquid TI,(Te,Se, -J mixtures 
as a function of concentration at different temperatures. Broken line indicates the region where 
the xc remains nearly constant. 

coefficient of c, d In a/d( IlkB T) ,  as shown in Figure 2. On the other hand, by 
replacing Se in liquid TI, Se to Te atom the value of d In old( l / k B  T )  changes 
slightly. This may be related to a gradual structural change in liquid TIz Se by 
the addition of Te, which may associate with the evidence that T1,Se has 
stronger ionicity than T1,Te. 

Since ze is proportional to N ( E F ) ,  the concentration variation of ze is 
considered to  correspond to the change of N(EF).  It is interesting that the 
change of N(E, )  is small in the intermediate concentration range at low 
temperature and N(E,)  changes continuously with concentration at high 
temperature. At the present stage, it is difficult to interpret this interesting 
behavior and we cannot exclude a possibility that this is associated with the 
presence of microscopic inhomogeneities in the concentration range inside 
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the broken line. Measurements ofNMR, X-ray diffraction and thermodynamic 
properties should be helpful for understanding the phenomenon. 
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