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ABSTRACT 

Antimony oxide (Sb,O,), antimony sulphide (Sb,S,) and antimony selenide (Sb,Se,) were 
prepared from high purity materials. Mixes of (I) Sb,O, (25%) + Sb,S, (75%) and (II) Sb,S, 
(25%)+Sb,Se, (75%) were prepared by mechanical mixing of the two components. Cylin- 
drical blocks of the compressed powder were formed at a saturated pressure of 200 kg/cm-*. 

The dielectric constant, e’, a.c. electrical resistance, R,, and dielectric loss, c”, were 
determined in the frequency range 0.2-10 MHz and in the temperature range 30-100 o C. 

The frequency dependence of the dielectric loss of each sample demonstrates the ohmic 
nature of the loss. Further discussion is put forward on the basis of the interaction of the 
dielectric dipoles of the two components of the mix and the partial ionic nature of the bond 
for the materials investigated. 

INTRODUCTION 

Theoretical efforts have been expended in connection with the dielectric 
constant of a mixture of two materials, for instance particles of one material 
suspended in the matrix of the other. 

Kocharli and Imanov [l] studied the temperature and frequency depen- 
dence of the dielectric constant and the tangent of the angle of the dielectric 
loss for various mixes of antimony trisulphide and antimony triselenide 
only. The dielectric properties of antimony trioxide, antimony trisulphide 
and antimony triselenide have been studied individually by various authors 
[2-41. 

The aim of the present investigation is to obtain a highly dielectric 
semiconducting material and to monitor the temperature and frequency 
dependence of its dielectric constant and loss. The materials involved were 
freshly prepared at a high purity. 

* Present Address: Chemistry Department, Faculty of Science, The United Arab Emirates 
University, Al-Ain, P.O. Box 15551, U.A.E. 
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EXPERIMENTAL 

Material preparation 

Antimony trioxide, antimony trisulphide and antimony triselenide were 
prepared as polycrystals. The wet method was used for the preparation of 
antimony trioxide. This involves the hydrolysis of antimony trichloride with 
hot water followed by treatment of the precipitate with sodium carbonate. 
The orthorhombic form obtained was purified from traces of the cubic form 
by heat treatment for twelve hours at 590 o C [5]. This was followed with a 
careful course of X-ray diffraction measurements using a Berthold-type 
diffractometer to ensure the correct preparation and the existence of only 
one crystalline phase, the orthorhombic. 

Antimony trisulphide was prepared after Fricke and Donges [6] with little 
modification. 

Antimony triselenide was prepared by the dry method which is very 
similar to that given by previous authors [7,8] followed by a master alloying 
technique (neutralization of the excess component) to attain an exact and 
correct stoichiometric compound as proved by measurements of the X-ray 
diffraction pattern of the final product obtained. 

Each two component system was mechanically mixed. The two mixes 
were: 

(I) Sb,O, (25%) + Sb,Se, (75%) 

(II) Sb,S, (25%) +‘Sb,Se, (75%) 

Each mix was then ground and passed through 200 mesh sieve. 
The powdered material was then dry compressed in the form of disks 

using a stainless steel mould 5.9 cm. in diameter and kept in a vaccum 
desiccator. This was performed at a suitable saturated pressure of 200 kg 
cme2 to fit the experimental requirements for dielectric measurements. 

Dielectric measurements 

The MFM ST-type measuring cell with micrometer electrode for solids 
was used in this investigation. The specimen plate was of constant thickness 
(l-10 mm) and its surface was absolutely plane and parallel. 

The readings were taken three times for each temperature equilibration of 
the cell with the test sample. 

To determine the dielectric constant, c’, a recent calibration curve was 
established. The curve represents values of the scale readings (SR) in pV. 
against sample thickness for a series of standard plates. From this curve 
values of the dielectric constant were obtained by placing the plexiglass arm 
of the calibration diagram so that the pointer line intersects the curve of the 
sample thickness. The perpendicular of the abscissa corresponding to the 
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measuring instrument scale reading then crosses the pointer line at the level 
of the corresponding value AC on the ordinate. 

The dielectric loss, c”, is calculated from the dielectric constant, E’, 
resistance Rx, capacitance AC of the sample obtained and the frequency f 
(MHz) at which measurements were taken 

where AC = scale reading (SR) x 0.0112 - 2.4 and CTT is taken as 3.14 or 
22/7. c’ is the previously obtained dielectric constant. The a.c. resistance, 

RX, was also measured on the same samples under the same variable 
frequency and temperature. 

In this investigation, the measurements were performed in the frequency 
range 0.2-10 MHz and the temperature range 30-100 ’ C on waiting 15 min 
after each temperature equilibration. 

RESULTS AND DISCUSSION 

The values of the dielectric constant obtained for the various specimens 
are listed in Table 1. From this table, it is clear that values of the dielectric 
constant of the pure antimony trioxide prepared (12.5) and of the antimony 
trisulphide (11.5) are in good agreement with those given by previous 
authors [2,3]. However, there is a considerable increase in the values ob- 
tained for the two modified specimens. Accordingly, the two mixes possess a 
high dielectric efficiency. 

In contrast to the behaviour of the temperature dependence of the 
dielectric constant of pure antimony trioxide [9] there is a noticeable 
increase in the value of dielectric constant E’ with increasing temperature 
(Figs. 1 and 2). This may be attributed to the increase in mobility of polar 
groups and hence the development of more polarization at elevated tempera- 
ture [lO,ll] which may take place as a result of the occurrence of a dispersed 
phase of increased conductivity (Sb,Se,) in a solid matrix [12], a phenome- 
non which takes place to a greater extent in the case of mix (II). This may be 

TABLE 1 
The values of the dielectric constant obtained for the various materials 

Antimony Modified mix 
trioxide (I) (25% Sb,O, 

(Sb,Q ) + 75% Sb,Se,) 

Antimony 
trisulphide 

(Sb,S,) 

Modified mix 
(II) (25% Sb,S, 
+ 75% Sb,Se,) 

12.50 14.20 11.20 18.40 
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Fig. 1. The temperature dependence of the dielectric constant of system (I): Sb,O, (25%)+ 
Sb,Se, (75%). 

attributed to the greater polarization as a result of the greater partial ionicity 
of the bond and/or the existence of excess sulphur in the case of mix (II). 

From the results in Figs. 3 and 4, it can easily be seen that the dielectric 
constant increases markedly with a decrease in frequency in the region 
below 3 MHz, for the two modified specimens. 

In this study, modified mix (I) consists of 25% Sb,O, and 75% Sb,Se, 
whereas modified mix (II) contains 25% Sb,S, and 75% Sb,Se,. It is of 
interest to notice that within the same specimen the frequency dependent 
character of the dielectric constant increases with increasing temperature. 
This dependence is pronounced for mix (II). This is evidence of greater 
polarization existing in mix (II) than in mix (I). Thus, this may result in a 
high dielectric constant and temperature dependent character. 

The sharp increase in the dielectric loss at low frequency (Figs. 5 and 6) is 
attributed to d.c. conductivity and is not connected with a dipole relaxation 
process. This criterion is more pronounced in mix (II) than in mix (I). 
Therefore, the dielectric loss must be considered as proportional to the total 
measured a.c. electrical conductivity minus the d.c. conductivity. 

From Figs. 7 and 8 it is clear that the effect of temperature on dielectric 
loss E’ is almost equivalent to frequency. The position of the maxima of the 
curves and their attendant minima are different for the two mixes under the 
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Fig. 2. The temperature dependence of the dielectric constant of system (II): Sb,S, (25%)+ 
Sb,Se, (75%). 
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Fig. 3. The frequency dependence of the dielectric constant of system (I): Sb,O, (25%)+ 
Sb,Se, (75%). 
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Fig. 4. The frequency dependence of the dielectric constant of the system (II): Sb2S3 
(25%) + Sb,Se, (75%). 

same conditions. This may be attributed to the contribution of structure 
difference and/or differences in lattice imperfections for the two mixes. 
Lattice imperfections are caused by one component of the mix being 
dispersed in the other. In agreement with the results of Kocharli and Imanov 
[l] the frequency dependence of the dielectric loss explains the ohmic nature 
of the loss. 
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Fig. 5. The temperature dependence of the dielectric loss of the system (I): Sb,O, (25%)+ 
Sb,Se, (75%). 
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Fig. 6. The temperature dependence of the dielectric loss of the system (II): Sb,S, (25%)+ 
Sb,Se:, (75%;). 
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Fig. 7. The frequency dependence of dielectric loss for the system (I): Sb,O, (25%)+ Sb$k, 
(75%). 
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Fig. 8. The frequency dependence of dielectric loss for the system (II): Sb,S, (25%) + Sb,Se, 

(75%). 

CONCLUSION 

Finally, the following conclusions are drawn. 
(1) There is good agreement between our results and those given by the 

previous authors: values of 12.5 and 11.20 for the dielectric constants of 
antomony trioxide and antimony trisulphide respectively. 

(2) The two-component systems exhibit a higher dielectric efficiency than 
the pure one-component material. 

(3) The observed frequency dependence of the dielectric loss for each mix 
explains the ohmic nature of the loss. 

(4) The sudden increase in the values of the dielectric constant with 
decreasing frequency in the range of 0.2-5.0 MHz could be correlated with 
space-charge polarization. 

(5) The sudden increase in dielectric loss at relatively low frequency as a 
function of temperature is caused by d.c. conductivity. 

(6) These foundations occurred pronouncedly for mix II indicating that 
its dielectric loss falls close to zero at increased frequencies of up to 10.0 
MHz. Therefore, mix II constitutes a modified quality for attaining semicon- 
ductor dielectrics, although it contains the same proportion of Sb,Se, as that 
for mix I. 
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