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In the present manuscript, freshly prepared and also pure chemical grade (BDH) antimony
trioxide specimens were investigated. Numerous measurements were carried out on these
specimens, comprising chemical, spectral and X-ray analyses, pycnometric and X-ray density
measurements and observations of the behaviour of the dielectric constant and dielectric loss
factor (€’ and €”) as functions of temperature and frequency. The results obtained gave values of
12.4 and 10 for the dielectric constant for the freshly prepared and commercial antimony trioxide
specimens, respectively. The results were compared in correlation with the phase constitution
and degree of compactness for both specimens. Finally, the data are discussed on the basis of the
interactions of the field frequency and temperature with the electric dipoles and electronic
polarization of the test specimens.

The physico-chemical properties of antimony trioxide have been studied
previously by the present author [1, 2]. The dependence of the dielectric properties
of this substance on the mode of preparation and the crystal structure was the major
goal of this and previous investigations [3-5]. Very few authors have investigated
the dielectric constant of Sb,0,. Thus, in 1932 Guentherschulze and Keller [3] gave
a value of 12.8 for the dielectric constant of antimony trioxide polycrystals. They
noted that the breakdown of the film is associated with shock ionization of
impurities. As regards the crystal structure, antimony trioxide exists in a cubic and
an orthorhombic modification, depending on the method of preparation [5].

As far as the author is aware, no work concerning the dependence of the dielectric
properties of antimony trioxide on the crystalline modifications is to be found in the
literature. Accordingly, it is worth-while to examine this problem.
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Experimental
Material synthesis and specimen preparation

A wet method very similar to that of Roberts and Fenwick [5] was applied for the
preparation of pure antimony trioxide. The product was heat-treated at 590° for
15 hr in order to obtain pure orthorhombic antimony trioxide, as proved by X-ray
measurements.

Another pure chemical sample was supplied by Johnson-Matthey (London),
which was found (via X-ray measurements) to be a mixture of 30% cubic and 70%
orthorhombic antimony trioxide.

The different specimens were finely ground and mesh-sieved to have nearly the
same average grain size (~ 200 mesh sieve), as the dielectric properties are highly
dependent on the average grain size of the test specimen.

The resulting ground material was compressed in the form of cylindrical discs
without binder, by using a stainless steel mould 59 mm in diameter, to produce a
sample thickness of 0.2-0.4 mm. This was done under a suitable pressure of
200 kg/cm?, which was chosen after many trials to give as compact specimens as
possible.

X-ray diffraction measurements

A Cu-K, X-ray diffraction study was undertaken for each specimen with a Philips
X-ray diffractometer at room temperature.

Dielectric constant (€') and dielectric loss (€”) measurements

A DK06 Multi-Dekameter MFMS5T measuring cell with micrometer electrodes
for solids was used in the present investigation. The cell is suitable for plates of
various thickness, with a diameter of 59 mm, or a strip of about 59 mm width. A
fresh calibration curve for the cell was frequently constructed. This curve depicts
values of scale readings against the sample thickness of a series of standard plates
with well-known dielectric constant (¢'). The cell is connected to the measuring
instrument. The sample plate was smoothly pushed through the slit into the cell.
The readings were taken twice after 15 minutes for each temperature equilibration
of the cell with the specimen. Values of €’ could be obtained from the above
calibration curve by balancing at the corresponding sample thickness.

The dielectric loss factor (") could thus be calculated from €', the resistance (R, ),
the constant AC and the frequency F (Mc/s):

[/ e/
" 2nFRAC
where C = the capacitance of the specimen.
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The accuracy of the apparatus for €"is £0.03-0.5% and that for €” +3-5%.
In this investigation, the measurements were undertaken in the frequency range

from 0.2 to 10 MC/s and in the temperature range from 30° up to 100° for both
specimens.

X-ray and pycnometric density measurements

The true density of the different antimony trioxide specimens was measured
pycnometrically at 30° with n-hexane as the immersing fluid.
The X-ray true density (g,) was calculated via the well-known equation

_ 1.6604x M xn

% g/cm?

where ¢ = true density,

molecular weight,

number of molecules per unit cell,
= volume of unit cell in A3,

< s X
I

Results and discussion

Figure 1A shows the X-ray diffraction pattern of the freshly prepared antimony
trioxide specimen. Analysis and comparison of the data with the A.S.T.M. cards
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Fig. 1 The Cu-K, X-ray diffraction patterns of: A) Antimony trioxide (supplied specimen),
B) Antimony trioxide (freshly prepared specimen)
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indicate that the material possesses a pure orthorhombic crystal form. On the other
hand, the X-ray diffraction pattern of the commercial specimen (Fig. 1B) showed
that the material consists of a mixture of cubic (30%) and orthorhombic (70%)
crystal forms.

From the results on the dielectric properties, the absolute dielectric constant of
the prepared orthorhombic antimony trioxide was found to be 12.4 at room
temperature (22°). This value is in agreement with that obtained by previous
authors [3]. On the other hand, the value of the absolute dielectric constant for the
commercial sample, which is a mixture of the cubic and orthorhombic crystal
forms, was found to be 10.0. Thus, the difference in the values may be due to the
difference in structure and/or impurity content, as found by Zharikov [6] for other
materials. Thus, the close packed arrangement (high density) of the prepared
sample with the purely orthorhombic structure results in a high density and
dielectric constant for the freshly prepared specimen (see Fig. 1 and Table 1).

Table 1 Room-temperature absolute pycnometric and X-ray densities of the different antimony trioxide

specimens
Crystal form Pycnometric density, X-ray. calculated
g/cm? density, g/cm?
Orthorhombic antimony trioxide 5.78 5.80
(prepared)
(Orth. + cubic)Sb,0, (commercial) 5.55 5.58

Accordingly, the decrease of temperature throughout the entire temperature
range results as usual in an increase of the dielectric constant (Figs 2 and 3). This
could be attributed to the contributions of both increased density and decreased
kinetic energy for both samples.

The general form of the Clausius—Mosotti-Debye equation is

, W
eoim_ 4N (s )
e"+2d 3

= dielectric -constant,

= molecular weight,

density,

= Avogadro’s number,

polarizability,

dipole moment,

= Boltzmann’s constant.

The quantity given by either side of the equation is known as the total molar

where

m
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Fig. 2 A diagram showing the temperature dependence of the dielectric constant of antimony trioxide

Fig. 3 An illustration showing the temperature dependence of the dielectric constant of antimony

polarizability, denoted by P. It is considered to consist of four terms, as given by the
following equation:

P,, P,, P,and P, are called the electronic, atomic, orientation (or dipole) and space
charge polarization [7, 8], respectively.

From the results of the present investigation in Figs 4 and 5, it can readily be seen
that €’ increases markedly with the decrease of frequency in the region below
0.3 MC/s and 0.5 MC/s for the commercial and prepared samples, respectively.

Figures 6-9 show that at temperatures up to 40° (for the commercial specimen)
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Fig. 4 A diagrammatical representation for the frequency dependence of the dielectric constant of
antimony trioxide (prepared)

Dielectric constant,€’

Fig. 5 A figure representing the frequency dependence of the dielectric constant of antimony trioxide
(supplied)

and 60° (for the prepared specimen) €” at first decreases with increasing frequency,
reaching a flat minimum (or constancy), and then rises again at high frequencies
(above 1.0 MC/s). The sharp increase in €” at low frequencies can probably be
attributed to the d.c. conductivity and is not connected with a dipole relaxation
process. Therefore €” must be considered as proportional to the total measured a.c.
conductivity minus the d.c. conductivity. In fact, the observed loss must be regarded
as the sum of three distinct effects, namely:

g = G”d.c:.*—eﬂM.W._*_E”D
where €., is the loss factor due to d.c. conductance. It is given as

o= 18X10%0 e 6 is the real part of th lex conductivity. Th
T e ere o is the real part of the complex conductivity. Thus, our

J. Thermal Anal. 34, 1988



ABOU SEKKINA: THE DIELECTRIC PROPERTIES 217

0.28

Temperature , °C

0.24

Dielectric loss,E"

0.20

016

012

0.08

004 - 100

| | | 1 | o
53 57 6.0 63 6.7 70

lg F, MCls

Fig. 6 The frequency dependence of the dielectric loss of Sb,O; (prepared)

present material is an example of a dielectric for which this formula is practically
applicable, since the value of €” is inversely proportional to frequency (Figs 6 and
7). €”m.w, is the Maxwell-Wagner or interfacial polarization loss factor [11].

Our present results obtdined as given in Figs 6-9 indicate that-both specimens
show the same trend of behaviour of €” versus frequency.

From Figs 7 and 8, it can readily be seen that the actions of temperature and
frequency on €” also have nearly the same trend of negative coefficient character.
However, the situation of the curve minima and their attendant maxima vary for
both specimens investigated here. This is probably correlated with the contribution
of structure differences and/or lattice imperfections, which are plausibly caused by
the existence of cubic antimonia (Sb,0;) incorporated in the orthorhombic
antimonia lattice of the supplied specimen.

At frequencies from 0.2 up to 0.5 MC/s €, €” falls sharply and then remains fairly
constant up to 10 MC/s (sse Figs 4-7). This trend can plausibly be attributed to the
increase of the ionic component of the dielectric polarization, in accordance with
the earlier finding of Zharikov [6] for other materials. As the frequency increases,
the electronic component thus tends to prevail.
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Fig. 7 The frequency dependence of the diélectric loss of Sb,0;5 (supplied)
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Fig. 8 The temperature dependence of the dielectric loss of $b,0, (prepared).
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Fig. 9 The temperature dependence of the dielectric loss of Sb,0; (supplied).

In conclusion, the difference in behaviour and values of €’ and " for the prepared
and supplied antimonia specimens investigated can probably be correlated with
differences in their phase constitutions, lattice imperfections, electronic polariza-
tions and dipole moments of the electric dipoles.

Accordingly, the interaction of both temperature and applied field frequency
with the electric dipoles of the antimonia lattices for both test specimens were
evaluated and established for the first time.

References

1 Z. M. Hanafi, K. A. Alzewel and M. M. Abou
Sekkina, Techn. Scien. Ser., 21 (1973) 76.

2 Z.M. Hanafi, K. A. Alzewel, M. R. Moustafa
and M. M. Abou Sekkina, Techn. Scien. Ser.,
21 (1973) 116.

3 A. Guentherschulze and F. Keller, Z. Physik,
75 (1932) 78.

4 T. A. Karpavich and N. V. Felosseva, Izv.
Vyssh. Ucheb Zaved Fiz., 12 (1969) 52.

5 E.J.Robertsand F. J. Fenwick, J. Am. Chem.
Soc., 50 (1928) 2133.

6 G. P. Zharikov, Uchenye, Zapiski Azerbai-
dzhan Gesudarst Univ. im. S. M. Kirova,
Fiz. Mat. i. Khim., Ser. No. 3 (1960) 75.

7 C. J. F. Boettcher, Theory of Electric
Polarization Elsevier, Amsterdam, 1952.

J. Thermal Anal. 34, 1988



220 ABOU SEKKINA: THE DIELECTRIC PROPERTIES

8 O. Fuchs and K. L. Wolf, Dielectrische 10 P. Deby, Polar Molecules, Chemical Catalog

Polarization Hand- und Jahrbuch der Chemi- Company, N.Y., 1929.
schen Physik. Vol. 6, Leipzig, 1935. 1 A. V. Hippel, Dielectrics and Waves, John
9 C. P. Smyth, Dielectric Behaviour and Wiley and Sons, N.Y., 1954.

Structure, McGraw Hill Book Company,1955.

Zusammenfassung — Es wurden frisch priparierte und auch chemisch reine (BDH) Antimontrioxid-
proben untersucht. An diesen Proben wurden zahlreiche Untersuchungen durchgefiihrt, einschlieBlich
chemischer, spektraler und Réntgenbeugungsanalyse, Pyknometer- und Réntgen-
Dichteuntersuchungen und Beobachtungen des Verhaltens der Dielektrizititskonstante und des
dielektrischen Verlustfaktors (¢’ und €”) in Abhingigkeit von Temperatur und Frequenz. Die
erhaltenen Ergebnisse lieferten einen Dielektrizititskenstantenwert von 12,4 bzw. 10,0 fiir frisch
priparierte bzw. kommerziell erhiltliche Antimontrioxidproben. Die Ergebnisse wurden in Wechsel-
bezichung mit der Phasenkonstitution und dem Kompaktheitsgrad der Proben verglichen. Letztendlich
werden die Daten auf der Grundlage der Wechselbezichungen zwischen Feldfrequenz und Temperatur
mit den elektrische Dipolen und der elektrischen Polarisation der Testproben diskutiert.

Pestome — HccrienoBaHbl CBEXENPUIOTOBIEHHBIE, & TAKKE XHMHYECKH YHCTHIE 0Opasubl OKCHAA
TPEXBAJICHTHOH CypbMEI, ¢ KOTOPHIMH OBLUTH IpoBelcHH MHOTOYHC/ICHHBIE H3MEPCHHS, BKIIIOYAA
XHMHYECKHH, CHOEKTPaNbHBIA M  peHTreHorpaduyeckuil aHauM3el, peHTreHorpaduueckoe H
NHKHOMETPHYECKOE W3MepeHHe ILIOTHOCTH M NOBEJCHHE JHAIEKTPHYECKOH NOCTONMHHON M (akTopa
IMSMEKTPYYECKAX NOTeph (€' W €”) B 3aBHCHMOCTH OT TEMHEDATYPH M HYACTOTHL. 3Havenns
JIA3AEKTPHYECKOH OCTOSHHOMN AJIA CBEXEIPHTOTOBICHHRIX H HPOAXHBIX 00pa3lioB OKHCH CYpbMbI
6L, COOTBETCTBEHHO,, PaBHbl 12,4 u 10. PesynbTaThi ObiJIH CONMOCTABJICHBI B CBA3H C (pa30BbLIM
COCTaBOM H CTENIEHBIO COBMECTHMOCTH JU1s1 0G0RX BiAOB 06pasnoB. [TosyueHBrIe TaHKbIe 06CYXIEHBI
Ha OCHOBE HAJIOXKEHHA YACTOTHI MATHHTHOTO IOJIA M TEMIIEPAaTyphl HA 3NCKTPHYECKHE THIONM U
3/IEKTPOHHYIO MOJISPH3AIHIO HCIBLITAHHBIX 06pa3oB.
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