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Dielectric permittivity studies of reduced samples of NaNbOj single crystal
in the range of temperatures 30-500 °C and frequency 20 Hz-1 MHz are
reported. In this temperature range a relaxation process is observed in
the frequency range of about 100 kHz. This is an additional process to the
earlier reported one [7]. The obtained data were fitted to Cole-Cole formula.
The dispersion step Ae (the maximum value of Ae =1000) is temperature
dependent. The mean relaxation time 7 does not obey the Arrhenius law
above T¢. The occurrence of this relaxation process may be connected
with oxygen vacancies.
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1. Introduction

The sodium niobate is a typical antiferroelectric with the perovskite structure.
In the temperature range from —200 °C to 650 °C its structural, dielectric and optic
properties are being changed in the six phase transitions. All these transitions are
connected with the oxygen octahedrons tilts and, in addition, the off-centre dis-
placement of the Nb ion takes place in the first three cases (—200 °C, 360 °C and
480 °C). The phase transition, at the temperature 360 °C, from antiferroelectric
phase with orthorhombic structure (Pbma) to the antiferroelectric orthorhombic
structure (Pnmm) is accompanied by the maximum change of dielectric permittiv-
ity [1-6]. The results of the investigations carried out for NaNbOj single crystal in
the temperature range 30-500 °C and for frequencies 20 Hz-1 MHz have revealed the
low-frequency relaxation processes [7]. The mean relaxation times in these processes
obeyed the Arrhenius law in the vicinity of T« and the dispersion step Ae was de-
pendent on temperature. Both relaxation parameters Ae and 7 revealed the distinct
discontinuity at the temperature T¢. The arising of low-frequency relaxation has
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Figure 1. The frequency dependence of real ¢ and imaginary €” part of electric

permittivity.
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Figure 2. The example of fitting for 360 °C.

been connected with the disorder occurring in the crystalline structure already at
high temperatures, which can lead to the arising of local dipoles (polar regions).
These dipoles can be responsible for relaxation processes. In order to verify this
hypothesis, additional dielectric investigations of single crystals have been carried
out for reduced samples.

2. Experimental

The measurements were performed for a single crystal obtained by means of
the “flux” method (the crystal used in the investigations described in the paper
[8] was obtained using the same method). The crystal used in the measurements
was annealed at the temperature of about 550 °C during three hours in the vacuum
chamber (0.01 hPa) and then cooled (in vacuum) to the room temperature [8]. After
depositing the silver electrodes they were placed in the thermostat. The temperature
measurements were performed by means of a chromel-alumel thermocouple with the
accuracy equal to 0.1 °C. The capacity and dielectric loss measurements were carried
out using the HP 4284A LCR meter. The frequency of the measuring field was
20 Hz up to 1 MHz. Measurements were performed in regular steps of temperature
(each 10 °C) at a constant rate of temperature changes and at a constant time of
stabilisation.
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Figure 3. The temperature depen- Figure 4. Arrhenius plot of the mean
dence of dispersion step Ae for B re- relaxation time 7 for B relaxation.
laxation.
3. Results

Two relaxation processes were obtained. Except the weak relaxation process be-
low 10 kHz (the same as in the paper [7]) we can see the strong additional relaxation
arising below 100 kHz (figure 1). This relaxation shifts itself to lower frequencies,
when the temperature decreases. The results were fitted to the Cole-Cole model:

€s — €0

€ = € + —1 n (in)lfa,

where ¢, is the static permittivity at low frequency, €., is the permittivity measured
above the dispersion region, 7 is the mean relaxation time, w is the angular frequency
and a determines the distribution of relaxation times and has got values between 0
and 1. The increase of ¢ towards low frequencies is associated with d.c. conductivity
represented by o¢ and giving a contribution to €* in the form:

) oc
€ :e'+1<eg+—)
WEQ

w
oc = exp (_ﬁ) .

The example of such a fitting for the temperature 360 °C is shown in figure 2. From
this figure we can distinguish two broad €”(f) contributions — A (the same as in the
paper [7]) and the additional one — B. The parameters of this relaxation are: A —
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Ae=389, 7 = 6.049-107%, and B — Ae = 550, 7 = 1.042-107° for temperature 360 °C
(above T¢). The temperature dependence of dispersion step Ae for B-relaxation is
presented in figure 3. In the temperature range up to T Ae &~ const, however above
the temperature T dispersion step Ae increases. The relaxation time in this process
does not obey the Arrhenius law above the temperature T (figure 4).

4. Conclusions

It is well known, that the oxygen vacancies can be produced during the crystal
growth. Moreover these vacancies can be also produced by annealing the sample
in several oxygen atmospheres [8]. In the present paper the increase of the oxygen
vacancy concentration was produced by annealing the sample in a lower air pressure
atmosphere. The arising of the oxygen vacancies can be equivalent to the creation
of the local dipoles. The behaviour of these local dipoles in a.c. electric field leads
to the arising of an additional relaxation process in the NaNbOj in the frequency
range of about 100 kHz (curve B in figure 2). This relaxation clearly evolves with
temperature (with decreasing of temperature it moves towards lower frequencies).
The studies of forming the vacancies and their effect on the behaviour of NaNbOj3
requires additional investigations which are now in progress.
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AienekTpuyHa penakcauis B MoHokpuctani NaNbO;

K.KoHEeYHU

IHCTUTYT di3nkM Ta 06YMCNIOBANBHOI TEXHIKM,
lMeparoriyHnn yHIBEPCUTET,
Monbla, 30-084 Kpakis, Byn. MoaxopoHxumx, 1

OtpumanHo 31 cepnHa 1998 p., B 0OCTaTOYHOMY BUTMISA| —
15 rpyansa 1999 p.

JocnigpxeHo [jienekTpuyHy CNpUNHATAMBICTb 3paskiB MOHOKpUCTay
NaNbOj; B gianasdonax Temnepatyp 30-500 °C i yactoTt 20 'uy—1 Mlu. Y
LbOMY TEMMNEepPaTypPHOMY NPOMIXKY B HacTOTHIin o6nacTi no6anay 100 kI,
CMOCTepIraeTbCs penakcavuinHni NpoLuec, Wo € A0NOBHIOBASIbHUM 0 BU-
SIBNEHOro paHiwle npouecy [7]. OTpuMani aaHi anpokcumMyoTbes 3a pop-
mynoto Koyn-Koyna. 3HaveHHs amcnepcii Ae (MakCUManbHe 3HAYEHHS
Ae =1000) 3anexuTb Big TemnepaTtypu. 3akOH AppPEHiyCa HE BUKOHYETb-
Cs ONga cepefHboro Yacy penakcaudii 7 suwe T¢. lNosiea Luporo penak-
CauinHOro NPoLecy Moxe NoB’A3yBaTUCS 3 KNCHEBUMM BaKaHCISIMU.,

KniouoBi cnoBa: NaNbO3, MOHOKpuCTa, AieNEeKTPpUYHa peaakcalis,
KWCHEBI BakaHcii

PACS: 77.22.Ch, 77.22.Gm
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