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9 It has been shown that the aliovalent substitution of sodium ions for strontium or barium ions in
10 strontium barium niobate relaxor ferroelectric causes a decrease in vacancy content of the samples
11 and a linear variation of unit cell volume with sodium concentration. The variation of c lattice
12 parameter with sodium concentration is determined by deformations of the NbOg oxygen
13 octahedrons in the 001 direction. Dielectric studies carried out in a wide frequency range showed
14 that the decrease in the vacancy content of the Sryg_Bag 4Na,,Nb,Og and Srq gBag 4-,Nay Nb,Og
15 results in suppression of relaxor ferroelectric properties, which was manifested in both
16 low-frequency and submillimeter region. Simultaneously, rise of the ferroelectric phase transition
17 temperature was observed with increasing sodium concentration. © 2007 American Institute of
18 Physics. [DOI: 10.1063/1.2752551]

19

20 . INTRODUCTION

21 The solid solutions Sr,Ba;_,Nb,Og (SBN) are formed in
22 the concentration range of 0.2<n=<0.8 and have a structure
23 of so-called unfilled tetragonal tungsten bronze (TTB).>? The
24 SBN unit cell can be described by the general structural for-
25 mula [(Al),(A2),C,][(B1),(B2)g]O4, where Al is the 12-
26 coordinate site situated in the tetragonal structural channels
27 (in the ab plane), A2 is the 15-coordinate site situated in
28 pentagonal channels, and C is the 9-coordinate site situated
29 in the triangular channels, which are vacant for SBN. A pe-
30 culiarity of SBN structure is the distribution of strontium and
31 barium ions between two partially vacant sites A1 and A2.
32 The tetragonal Al site is occupied by strontium ions only,
33 whereas the pentagonal A2 site is statistically filled by the
34 remaining strontium and barium ions. The degree of A-site
35 ion disordering in the two crystallographic sites controls the
36 electrophysical properties of SBN, in particular, the relaxor
37 nature of the temperature dependence of permittivity e(T).3*
38 Increasing the [Sr]/[Ba] ratio in SBN shifts the temperature
39 of phase transition in the direction of lower temperatures,
40 increases the permittivity, and enhances the relaxor proper-
41 ties of SBN, which manifest itself by a shift of the tempera-
42 ture of dielectric permittivity maximum with increasing
43 frequency.™® It should be noted that regardless of the
44 [Sr]/[Ba] ratio, 1/6 of the A sites in the SBN structure is
45 empty.

46 Vacancies and chemical disorder of Sr/Ba cations in the
47 A sites of crystal lattice give rise to the creation of strong
48 dielectric relaxation, which is responsible for the relaxor
49 ferroelectric behavior in SBN.® Recent broadband and tera-
50 hertz spectroscopy investigations7'8 of SBN confirmed that
51 the dielectric relaxation at 500 K has relaxation frequency in
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the terahertz range just below the phonon frequencies. The °2
relaxation slows down and broadens on cooling, and finally 53
it splits into two components. The high-frequency one re- 54
mains in the microwave range, while the low-frequency one 55
is responsible for the dielectric anomaly near Tc: it slows 56
down on cooling and extremely broadens below T.. At the 57
same time, no phonon anomalies were observed near T¢, 58
which gives evidence about the order-disorder mechanism of 59
the phase transition in SBN.’ 60

The partial aliovalent substitution of alkaline ions (for 61
example, sodium) for Sr and Ba ions is one of the possibili- 62
ties to control the concentration of vacancies in tetra- and 63
pentagonal channels. The electroneutrality condition requires 64
substitution of two Na ions for one Sr or Ba ion, which 65
allows one to control the concentration of vacancies in the A 66
sites. 67

Therefore, the goal of this work was to study the effect 68
of partial aliovalent substitution of sodium ions for strontium 69
or barium ions on the structure and relaxor properties of 70
strontium barium niobates with the tetragonal tungsten 71
bronze structure. 72

II. EXPERIMENTAL METHODS 73

Two systems of solid solutions were investigated in the 74
work: Sro.6-xBag 4Nay,Nb,Og (0=<2x=<0.3) and 75
Sro6Bag4-yNapyNb,Os (0=<2y=0.2). Extra pure Nb,Os, 76
BaCO,, SrCO3, and Na,CO5 were used as starting reagents. 77
After heat treatment of Nb,Os at 850 °C, BaCO3 and SrCO3; 78
at 400 °C, and Na,CO; at 200 °C, required amounts of re- 79
agents were weighed using a VLP-200 balance, mixed and 8o
homogenized using a GKML-16 vibrating mill (Hungary). 81
Agate drums, chalcedony balls, and acetone as dispersed lig- 82
uid were used during milling. Thermal analysis was carried 83
out using a Q-1000 derivatograph (MOM Co., Orion, Hun- 84
gary). Materials were synthesized at 1100-1200 °C, re- 85
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86 ground in water, dried, and homogenized. A plasticizer was
87 added to the powders, which were then pressed into disks
88 and sintered in a temperature range of 1300-1350 °C.

89 X-ray powder diffraction (XRPD) data were collected on
90 a DRON-4-07 diffractometer (Cu Ka radiation, 40 kV,
91 20 mA). The structure parameters were refined by the
92 Rietveld full-profile analysis. XRD patterns were collected in
93 the range 20 =10-150° in step-scan mode with a step size of
94 A20=0.02° and a counting time of 10 s per data point. As
95 external standards, we used SiO, (20 standard) and Al,O4
96 (NIST SRM1976 intensity standard®).

97 Permittivity & and dielectric losses tan &8, were measured
98 in a range from 10° to 10° Hz using a Tesla BM560 Q meter
99 and at 10° Hz using the coaxial line method. For measure-
100 ment we used the cylindrical samples, 2 mm in diameter and
101 2 mm in thickness. The electrodes were made from silver
102 paste by firing.

103 Measurements  at  terahertz  frequencies  from
104 3 to 30 cm™ (0.09-0.9 THz) were performed in the trans-
105 mission mode using a time-domain terahertz spectrometer
106 based on an amplified femtosecond laser system. Two ZnTe
107 crystal plates were used to generate (by optic rectification)
108 and to detect (by electro-optic sampling) the terahertz pulses.
109 Both the transmitted field amplitude and phase shift were
110 simultaneously measured; this allowed us to determine di-
111 rectly the complex dielectric response &"(w)=g&(w)-ie"(w).
112 For sample heating up to 900 K, we used an adapted com-
113 mercial high-temperature cell (SPECAC P/N 5850) with
114 1 mm thick sapphire windows.

115 IIl. RESULTS AND DISCUSSION

116 The phase changes occurring during the synthesis of
117 Srpg-xBag 4Na,,Nb,Og and  Srq gBag 4-yNay Nb,Og  systems
118 by solid-state reaction technique were studied for 2x{2y}
119 =0.2, which corresponds to the solid solutions
120 Sry 5Bag 4Nag sNb,Og and Sry gBag sNag ;Nb,Og. XRPD and
121 thermal analysis showed that the product is formed via the
122 following intermediate compounds: NaNbOj;, BasNb,Os,
123 SrsNb,O45, BaNb,Og, SrNb,Og, and Ba,NaNbs;O4s. This in-
124 formation allowed us to optimize the synthesis conditions
125 using NaNbO3, BaNb,Og, and SrNb,Og as solid-state precur-
126 sors. The investigations enabled us to conclude that the solid
127 solutions Sry¢_BagsNayNb,Og and SrggBag 4-xNay,Nb,0g
128 with TTB structure and space group Pb4m are formed in a
129 wide range of x values. When the sodium content is in-
130 creased [2x(2y)=0.3], an additional phase Na;NbO, ap-
131 pears.

132 The structural parameters of polycrystalline samples of
133 the Sry¢-,BagsNay,Nb,Og system are listed in Tables | and
134 1. The ion positions of the Sryg,Bag3gNb,Og structure,
135 which were reported in Ref. 10, were used as initial values.
136 The unit cell parameters of the solid solutions
137 Srg 6-xBag 4NayNb,Og and Srq gBag 4-,Nay Nb,Og as a func-
138 tion of sodium content are shown in Fig. 1. The unit cell
139 volume of the solid solutions Sry¢_,Bag4NayNb,Og and
140 Srg gBag 4-,Nay Nb,Og varies linearly with sodium content
141 and obeys Vegard’s law. With increasing sodium content, the
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a parameter decreases in both systems, while the ¢ parameter 142

decreases in the Sr¢Bag 4-yNa, Nb,Og system and increases 143
in the Srg¢_BagsNay,, Nb,Og system. 144
The a parameter decreases due to a decrease in the av- 145

erage ionic radius R in pentagonal channels (R=aRg, 146
+ BRg,, Where « and 3 are the molar fractions of Sr and Ba, 147
respectively). In the systems Sryg_,BagsNayNb,Og and 148
Sro.6Bag 4-yNayyNb,Og, this decrease occurs due to a de- 149
crease in the 4c-site occupation by strontium and barium, 150
respectively (see Tables | and Il). In the system 151
Srp6-xBag 4NayNb,Og, the ¢ parameter increases due to the 152
elongation of the NbOg oxygen octahedrons in the [001] di- 153
rection (see Table 1), which is accompanied by Nb displace- 154
ment from the centrosymmetrical position in the oxygen oc- 155
tahedron and by an increase in the acentricity of NbOg 156
octahedrons.? In the Srg 6Bag 4-yNay Nb,Og system, in con- 157
trast to Sryg-,BagsNa,,Nb,Og, the ¢ parameter decreases due 158
to the reduced elongation of oxygen octahedrons in the 001 159
direction and lower acentricity of the NbOg octahedrons (see 160
Table I1). 161

The increase of sodium content from 2x(2y)=0 to 162
2x(2y)=0.2 results in the redistribution of site occupation in 163
the tetragonal and pentagonal channels: namely, the occupa- 164
tion of the double sites in the tetragonal channels increases 165
from 0.71 to 1.15 (1.02), while the occupation of the fourfold 166
sites in the pentagonal channels decreases from 0.89 to 0.79 167
(0.86) (see Tables I and Il). The comparison of our experi- 168
mental and calculated values of site occupancy in the tetrag- 169
onal and pentagonal channels allows the conclusion to be 170
drawn that sodium enters the tetragonal channels and that 171
positive charge is compensated in the pentagonal channels by 172
the decrease in strontium (barium) content. 173

Dielectric characteristics of Sryg_,Bag4Na,,Nb,Og and 174
Sro.6Bag 4-,NayNb,Og (e, tan 8) in the frequency range of 175
10°-10° Hz are shown in Fig. 2. The composition without 176
sodium, SrqgBag4Nb,Og [2X(2y)=0], is characterized by a 177
considerable relaxation of permittivity (Fig. 2). In this case, 178
the maximum of permittivity e, Shifts by 30 K in the fre- 179
quency range studied. Regardless of whether barium or 180
strontium ions are substituted, the frequency shift in ey, (T) 181
decreases with the increase in the sodium content due to the 182
decrease in the A-site vacancy content. One can see that the 183
cation vacancy content has larger influence on the relaxor 184
properties than the [Sr]/[Ba] ratio, which was investigated in 185
Refs. 3 and 4. It is clear from Fig. 2 that the decrease in the 186
cation vacancy content is accompanied by a reduction of the 187
relaxor ferroelectric properties. Temperature of g, IS NO 188
more frequency dependent for 2x=0.2 (or 2y=0.1), only the 189
values of ey, decrease with increasing frequency, which is 190
typical for diffuse or order-disorder phase transitions, where 191
the relaxation frequency lies slightly above the measured fre- 192
quency range. The Ba substitution with Na has stronger in- 193
fluence on the suppression of relaxor properties than Sr sub- 194
stitution because the concentration 2y=0.1 has the same 195
influence on AT, as 2x=0.2. 196

We fitted the frequencies f and temperatures T, of the 197
permittivity maxima in Fig. 2 using the Vogel-Fulcher 198
equation,™* 199
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AQ: TABLE I. Crystallographic parameters of samples of the Sry¢_,Bag sNa,,Nb,Og system.
#4

200 f=", exp{

kB<Tm—TVF>]' @

SroBag 4N, 05" Sros7Bag 4NagsNb,Og  SrossBagsNag Nb,Og  SrosBag 4Nag ,Nb,0g
Unit cell parameters [space group P4bm (100), Z=10]

a(A) 12.4566(9) 12.4521(2) 12.4489(2) 12.4417(2)

c(A) 7.8698(6) 7.8712(1) 7.8734(2) 7.8786(2)

V (A%) 1221.1(2) 1220.47(3) 1220.18(4) 1219.57(4)

Py ray (g/cm?3) 5.286(1) 5.272(1) 5.262(2) 5.236(2)

lon positions

Nb; (2b):® z/c 0.002 68(19) 0.005(4) 0.010(6) 0.010(5)

Nb, (8d): x/a 0.074 51(3) 0.0741(1) 0.0736(2) 0.0750(2)
y/b 0.211 61(3) 0.2115(1) 0.2115(2) 0.2111(2)
zlc -0.007 08(17) -0.010(9) -0.010(8) -0.010(8)

Na/Sr, (2a)” z/c 0.238 2(2) 0.245(4) 0.240(4) 0.263(4)

Ba/Sr, (4c): x/a 0.172 27(3) 0.1621(4) 0.1611(5) 0.1603(6)
y/b 0.672 27(3) 0.6847(4) 0.6850(5) 0.6836(6)
zlc 0.240 93 0.225(4) 0.251(8) 0.250(4)

0, (8d): x/a 0.2179(3) 0.2203(9) 0.226(1) 0.223(1)
y/b 0.282 1(3) 0.2788(9) 0.273(1) 0.276(1)
z/c -0.0150(15) 0.025(4) 0.055(4) 0.069(3)

0, (8d): x/a 0.138 9(4) 0.139(1) 0.141(1) 0.151(3)
y/b 0.069 5(3) 0.072(2) 0.070(2) 0.077(3)
zlc -0.0254(11) -0.025(5) -0.025(5) -0.010(5)

05 (2b): x/a -0.006 5(4) -0.018(2) -0.006(1) -0.018(2)
y/b 0.344 1(3) 0.336(3) 0.336(2) 0.348(3)
zlc 0.022 9(14) 0.030(9) 0.025(9) 0.046(3)

0, (40)P z/c 0.234 0(14) 0.236(4) 0.240(4) 0.240(3)

O5 (8d): x/a 0.083 8(9) 0.081(2) 0.093(2) 0.093(3)
y/b 0.200 5(6) 0.204(2) 0.212(2) 0.221(2)
zlc 0.229 9(9) 0.255(4) 0.256(4) 0.260(3)

Site occupancies
Tetragonal channels (position 2a)
Na 0.00 0.15 0.25 0.50
Sry 0.71(5) 0.68(1) 0.67(1) 0.65(2)
Pentagonal channels (position 4c)
Sry 0.450(16) 0.41(1) 0.38(1) 0.30(1)
Ba 0.442(20) 0.487 0.487 0.487
Agreement factors
Rg (%) 3.3 7.05 9.59 9.90
R (%) 4.5 6.52 8.03 9.11
Some interionic distances

Nb,-0, (A) 1.820(11) 1.818(50) 1.811(57) 1.812(46)

Nb;-0,, (A) 2.114(11) 2.117(50) 2.126(57) 2.127(46)

Nb,-0s (A) 1.874(7) 1.854(77) 1.862(70) 1.830(67)

Nb,—Os, (A) 2.078(7) 2.090(77) 2.111(70) 2.143(67)

Acentricity of Nb; and Nb, octahedra
A[Nb;-0,] (A) 0.29 0.30 0.31 0.31
A[Nb,—0g] (A) 0.20 0.24 0.25 0.31

*The structure parameters were refined for sodium-containing compositions only; for composition without
sodium (x=0), data from Ref. 10 were taken.
Ppositions: 2a (002),2b(01/22),and 4c (X 1/2+X 2).

called Vogel-Fulcher plot of In f(T,+Tyg). From the fits we 205
obtained the following parameters for 2x(2y)=0 ceramic 206

201 where f, is the attempt frequency for an ion jump (f,
202 =~10'% Hz), E, is the activation energy of permittivity relax-
203 ation, kg is the Boltzmann constant, and Tz means the freez-
204 ing (Mogel-Fulcher) temperature. Figure 3 shows the so-
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SBN sample: E;=0.060£0.022 eV and T,z=320+15 K. 207

For the ceramics with 2x=0.1, we obtained E, 208
=0.025£0.010 eV and T,=410%6 K. In both cases, f, was 209
fixed at 1x 102 Hz. It was quite difficult to perform the fit 210
just from three T, temperatures, but the fitting parameters 211
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TABLE 1. Crystallographic parameters of samples of the Sro¢Bag 4-,Na, Nb,Og system.
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Sro.6BagsNag ,Nb,0Og

a(A)
c (A
V (A3

Py ray (g/cm3)

Nb; (2b):® z/c

Nb, (8d): x/a
y/b
zlc

Na/Sr, (2a)” z/c
Ba/Sr, (4c): x/a

y/b
z/c
0, (8d): x/a
y/b
zlc
0O, (8d): x/a
y/b
zlc
O3 (2b): x/a
y/b
zlc
0, (40)P z/c
O5 (8d): x/a
y/b
zlc

Na
Sry

Sr,
Ba

Rs (%)
Ri (%)

Nb,-0, (A)
Nb,—O, (A)
Nb,~Og (A)
Nb,-O5 (A)

A[Nb;~0,] (A)
A[Nb,~05] (A)

Srg.6Bag 4Nb,Og" Srg.6Bag 35Nag ;Nb,Og
Unit cell parameters [space group P4bm (100), Z=10]
12.4566(9) 12.4441(2)
7.8698(6) 7.8530(2)
1221.1(2) 1216.08(4)
5.286(1) 5.249(1)
lon positions
0.002 68(19) 0.020(4)
0.074 51(3) 0.0743(2)
0.211 61(3) 0.2117(2)
-0.007 08(17) 0.021(4)
0.238 2(2) 0.288(4)
0.172 27(3) 0.1799(7)
0.672 27(3) 0.6649(7)
0.240 93 0.276(4)
0.217 9(3) 0.224(1)
0.282 1(3) 0.275(1)
-0.0150(15) 0.082(5)
0.138 9(4) 0.137(1)
0.069 5(3) 0.070(2)
-0.0254(11) -0.014(5)
-0.006 5(4) -0.010(1)
0.344 1(3) 0.341(2)
0.022 9(14) 0.058(5)
0.234 0(14) 0.275(5)
0.083 8(9) 0.073(2)
0.200 5(6) 0.207(2)
0.229 9(9) 0.265(4)

Site occupancies
Tetragonal channels (position 2a)

0.00 0.250
0.71(5) 0.59(1)
Pentagonal channels (position 4c)
0.450(16) 0.47(1)
0.442(20) 0.425
Agreement factors
3.3 6.08
4.5 5.82
Some interionic distances
1.820(11) 1.924(50)
2.114(11) 2.003(50)
1.874(7) 1.917(44)
2.078(7) 2.011(44)
Acentricity of Nb; and Nb, octahedra
0.29 0.08
0.20 0.09

12.4260(2)
7.8471(2)
1211.64(4)
5.202(1)

0.010(4)
0.0748(2)
0.2113(1)
0.021(4)
0.272(4)
0.1819(5)
0.6642(5)
0.264(4)
0.2226(9)
0.2765(9)
0.067(5)
0.139(1)
0.065(2)
-0.020(5)
-0.011(2)
0.346(2)
0.057(5)
0.259(5)
0.085(2)
0.208(2)
0.276(4)

0.500
0.52(1)

0.50(1)
0.363

7.90
7.74

1.954(50)
1.970(50)
1.927(44)
2.005(44)

0.02
0.08

*The structure parameters were refined for sodium-containing compositions only; for composition without
sodium (x=0), data from Ref. 10 were taken.
Ppositions: 2a (002),2b(01/22),and 4c (X 1/2+X 2).

212 are quite physically reasonable. One can see that with in-
213 creasing Na concentration, Ty increases and E, decreases. It
214 is worth noting that in samples with 2x=0.2 and with 2y
215 =0.1, there is no shift of T, with frequency (i.e., the relaxor

216 behavior disappears).

217 The alkaline ions often make contribution to the low-
218 frequency mechanism of polarization, while in the micro-
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wave range their contribution is often insignificant.
Therefore, we considered it expedient to ascertain whether
the decrease in the vacancy content due to introducing so-
dium ions in TTB structure affects the relaxor properties in

12,13

the submillimeter wave range (terahertz) or it is a low-

219

220
221
222
223

frequency effect only. The dielectric properties of samples of 224
the Srye-.Bag4Nay,,Nb,Og system were investigated in the

225



PROOF COPY 091713JAP
15

Belous et al.

FIG. 1. Unit cell parameters of samples of the Sry ¢_,Bag 4Na,,Nb,Og (a) and
Sro.6Bag 4-yNay Nb,Og (b) systems as a function of sodium content.

FIG. 2. Permittivity (1-3) and dielectric losses (1'—3’) for samples
Sro6BagsNb,0g, 2X (2y)=0 (), SroeBags-yNayNb,Og, 2y=0.1 (b), and
Sry 6-xBag 4Nay,Nb,Og, 2x=0.2 (c). Values were measured at 10° Hz (1,1"),
108 Hz (2,2"), and 10° Hz (3,3’).

PROOF COPY 091713JAP
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FIG. 3. (Color online) Vogel-Fulcher plots of frequencies and temperatures
of the permittivity maxima for the Srj¢_,Bag 4Na,, Nb,Og System.

terahertz frequency range. Results of these investigations for
samples with 2x=0 and 2x=0.2 are presented at various tem-
peratures in Figs. 4(a) and 4(b). We have investigated also
samples with 2x=0.06 and 2x=0.1, but the results are not
presented here. Nevertheless, the shape of the spectra is the
same for all the sample compositions: permittivity & de-
creases with frequency, and dielectric loss &” is rather high.
This indicates a dielectric relaxation in the terahertz fre-
quency range. Both e and &” increase on heating to T,,, or T,
and then they decrease on further heating. This indicates
slowing down of the dielectric relaxation on cooling. The
relaxation frequency is above 25 cm™ at 900 K and slows
down on reducing temperature to our terahertz frequency
range. Below T,, (T¢) the relaxation frequency slows below
this range (to microwave or lower frequency range); there-
fore the terahertz values of both & and ¢” decrease on cooling
below T,, (Tc). The presence of dielectric relaxation mani-
fests an order-disorder type of the phase transitions in all the
samples. Low-frequency terahertz permittivity is much
higher in the 2x=0 sample than in the 2x=0.2 ceramic be-

FIG. 4. (Color online) Terahertz complex dielectric spectra of
Srg6-xBag 4Nay,Nb,Og ceramics with (a) 2x=0 and (b) 2x=0. The open and
filled symbols denote temperatures below and above T, respectively.

226

227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
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246 cause the dielectric strength (Ae) of relaxation is much
247 higher in the undoped sample. This indicates that each Sr
248 substitution by 2Na cations reduces the disorder in the crys-
249 tal lattice due to the reduction of the vacancy concentration.
250 It is well known that the relaxor ferroelectric behavior
251 (i.e., the shift of permittivity peaks with measured frequency)
252 occurs as a consequence of anomalous broadening of the
253 distribution of relaxation frequencies on cooling.“’15 This
254 effect in pure SBN was recently experimentally confirmed.”®
255 Na doping of SBN reduces the vacancy concentration and
256 therefore also random fields, which are responsible for the
257 broad distribution of relaxation frequencies in relaxor SBN.
258 Distribution of relaxation frequencies dramatically decreases
259 with Na concentration, and therefore the relaxor ferroelectric
260 behavior disappears in samples with higher Na concentra-
261 tion, and the sample exhibits only classical order-disorder
262 phase transition with critical relaxation starting in the tera-
263 hertz range (at high temperatures), which slows down to the
264 megahertz range near T¢. It is worth noting that the relax-
: 265 ation remains in the terahertz spectra of SLTN up to the
266 highest measured temperature 900 K, while it disappears in
267 lead-based  perovskite relaxor  ferroelectrics  above
268 600—700 K, i.e., above the Burns temperature (600—700 K),
269 where the polar clusters disappear.16 It seems to be the only
270 difference between perovskite relaxors and our SBN relaxor
271 system. This is presumably connected with the intrinsic
272 (single particle) disorder in the SBN lattice at high tempera-
273 tures which produces dielectric relaxations without any need
274 of polar nanoregions. For that reason it might be quite a hard
275 problem to estimate in the SBN the Burns temperature,
276 where the single particle relaxation changes into a collective
277 relaxation of polar nanoregions.

278 IV. CONCLUSION

279 It has been found that the formation of the
280 Srg 6-xBag 4NayNb,Og and Sry gBay 4-,Nay Nb,Og solid solu-
281 tions is a multistage process involving the following interme-
282 diate phases: NaNbOj, BasNb,0;5, SrsNb,O45 BaNb,Og,
283 SrNb,Og, and Ba,NaNbsOs. It has been shown that the alio-
284 valent substitution of sodium ions for strontium or barium
285 ions, which is accompanied by a decrease in the vacancy
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content, causes a linear variation of unit cell volume in the 286
entire x range investigated (0<2x=<0.3). The variation of 287
the c lattice parameter with x is determined by deformations 288
of the NbOg oxygen octahedra in the [001] direction. The 289
investigations carried out in a wide frequency range showed 290
that the decrease of the vacancy content in the 291
Srp 6-xBag 4NayNb,Og and Sry¢Bag 4-4Nay, Nb,Og systems 292
due to partial substitution of sodium ions for strontium or 293
barium ions results in suppression of relaxor properties, 294
which is observed both in the low-frequency and submilli- 295
meter range. It was also shown that the barium substitution 296
by sodium suppresses the relaxor properties more effectively 297
than in the case of the strontium substitution. 298
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