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Dielectric properties of LiF single crystals 
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The dielectric constant, e, loss, tan 6, and a.c. conductivity, ~, of high quality single 
crystals of LiF have been measured in the frequency range 102 to 10 S Hz and in the 
temperature range 30 to 400 ~ C. e of LiF at 30 ~ C is 8.3 and is frequency independent; 
tan 8 was below detection level (tan 8 < 0.0001 ). e increases slowly with temperature 
up to about 150 ~ C (frequency independent region) beyond which it rises rapidly, being 
frequency dependent with larger values at lower frequencies. A similar behaviour is 
exhibited by tan 8. The activation energy for conduction in the high temperature region 
is calculated to be 0.93 eV from log o against 1/T graphs. Log (Ae) against 1/T plots 
(where Ae is the difference between the dielectric constant at any temperature and the 
value at room temperature, ~ 30 ~ C) yields an activation energy value of 1.0eV in the 
high temperature region. This activation energy is found to be independent of frequency. 
This agreement between the two activation energy values, one for the a.c. conductivity 
and the other for the e increase with temperature. This suggests that the same charge 
carriers are responsible for the two processes in the high temperature region. 

1. Introduction 
A study of the dielectric properties of solids gives 
a good insight into the electrical field distribution 
in them. By studying the dielectric constant, e, 
loss, tan 6, and conductivity, o, as a function of 
frequency and temperature, it is possible to obtain 
an understanding of the various polarization mech- 
anisms in solids and also estimate the defect con- 
centration in them. Work along these lines was 
carried out on a variety of solids, for example, 
alkali halides [ 1-4]  giving valuable information. 

The dielectric properties and refractive index of 
LiF have previously been studied [5, 6]. Generally 
the dielectric properties of ionic crystals, including 
LiF, have been measured at one frequency and at 
about room temperature. As far as the authors 
know a study of the detailed influence of frequency 
and temperature on the dielectric properties of 
LiF has not been reported until now. It is the aim 
of this paper to present our measurements of 
dielectric constants and loss of high quality LiF 
single crystals in the frequency range 102 to 
l0 s Hz and in the temperature range 30 to 400 ~ C. 

2. Experimental methods 
The LiF crystals used in the present measurements 
were a gift from the Crystal Physics Laboratory, 
MIT, USA.* The impurity concentration of these 
crystals was less than 2ppm. The dimensions of 
the samples were about l c m x l c m x 0 . 1 c m .  
Silver paint was applied to electrodes on either 
side of the samples. The dielectric measurements 
were carried out on a GR 716 type capacitance 
bridge. The accuracy of the measurements on 
several samples of LiF studied was 2% for e and 
about 5% for tan 6. 

3. Results 
The dielectric constant, e, of these LiF crystals at 
30~ was measured to be 8.3 and was indepen- 
dent of frequency; the dielectric loss, tan 6, was 
below detection level ( tan6 <0.0001)  in this 
frequency region. 

The variation of e with temperature at different 
frequencies is shown in Fig. 1. e increases slowly 
up to about 150~ (frequency independent 
region); beyond this temperature e rises rapidly 

*The authors are grateful to Professor A. Smakula, Director of the Crystal Physics Laboratory, for kindly sparing these 
samples. 
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Figure 1 Variation of dielectric 
constant, e, of LiF single 
crystals with temperature at 
different frequencies. 
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Figure 2 A.c. conductivity, o against 1IT at different 
frequencies for LiF crystals. 
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and is very frequency dependent with larger values 
at lower frequencies. Similar behaviour is exhibited 
by tan 6 and hence the graph is not shown. Using 
the values of e and tan 6, the value of a.c. conduc- 
tivity has been calculated using o = co tan ~ eo, 
where e0 is vacuum dielectric constant. Log o 
against lIT graphs were plotted at different fre- 
quencies and are shown in Fig. 2. These graphs 
merge into a straight line beyond about 150 ~ C. 
The activation energy for conduction in this 
region was calculated to be 0.93 eV. 

4 .  D i s c u s s i o n  

The dielectric constant of a material is due to 
electric, ionic, dipolar and space-charge polariz- 
ations. All these are active at low frequencies. 
In fact the nature of  the variation of e with 
frequency indicates which types of contributions 
are present. 

The space-charge contribution will depend on 
the purity and perfection of the crystals. The 
influence is negligible at very low temperatures 
and is noticeable in the low frequency region. The 
dipolar orientational effect can sometimes be seen 
in some materials even up to 101~ Hz. The ionic 
and electronic polarization always exist below 
1013 Hz. 

The dielectric constant value of 8.3 at 30 ~ C for 
LiF crystals measured in the present work is in 
good agreement with the literature value [7]. The 
frequency independence of e (at room tempera- 
ture) in this crystal shows that only electronic and 
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Figure 3 Zxe against lIT at different 
frequencies for LiF crystals. 

ionic polarizations are present. The concentration 
of crystal defects contributing to space-charge 
polarization is negligible. This is also borne out by 
the fact that the tan ~ values for these samples even 
at 102 Hz and 30 ~ C is very low (tan 6 < 0.0001). 

The temperature has a complicated influence 
on the dielectric constant. Generally, increasing 
temperature of the crystal decreases the electronic 
polarization. The increase of ionic distance due to 
the temperature influences the ionic and electronic 
polarizations. The decrease in electronic dielectric 
constant for many solids is found to be less than 
3% for a temperature change of about 400~ 
[8, 9]. Similarly it appears that the changes in 
ionic polarization are not very large. Even assuming 
the presence of a small number of dipoles and 
their contributions to dielectric constant, we 
know from Debye's theory that e is inversely 
proportional to temperature. As such, it is expected 
that the dielectric constant of LiF crystals should 
not change considerably with increase in tempera- 
ture. However, we found a large increase in e. The 
crystal defects can only increase with temperature 
making space-charge polarization dominant; hence 
e increases with temperature [3, 4]. The changes 
in e with temperature are smaller at higher fre- 
quency as this type of polarization decreases 

appreciably at such frequencies [ 10]. The frequency 
independent increase in e is apparently due to an 
increase in ionic polarization of the samples. 

It is interesting to find that the nature of 
variation of e and tan 6 (of LiF crystals) with tem- 
perature at different frequencies is similar. The 
variation of e with temperature can be connected 
to frequency through modified Debye equations, 
as reported earlier [3,4]. A plot of log (2xe) against 
1/T (where be  is the difference between dielectric 
constant value at any temperature T and that at 
room temperature) at different frequencies for 
these crystals is shown in Fig. 3. The graphs are 
straight tines from about 150~ having about the 
same slope for all frequencies. The computed acti- 
vation energy is 1.0eV. This value is practically 
the same as the value of activation energy for a.c. 
conduction, a, in these samples in the same tem- 
perature region. This seems to suggest that the 
charge carriers responsible for the changes in e 
and a are the same. Although it is not possible to 
understand the nature of the charge carriers 
responsible for the conduction in this solid (in this 
temperature region) from the present measure- 
ments, the activation energy value of 0.93 eV 
seems to be connected to the mobility of cationic 
vacancies [ 11 ]. 
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