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Electron-spin-resonand&SR) and dielectric spectroscopy techniques have been applied to study the dipole
centers connected with MA and Fé* impurity ions substituted for K in the incipient ferroelectric KTag
It was shown that the reorientations of paramagnetic dipole compleXés@e (O, is the interstitial oxygen
give rise to dielectric losses ne@r=185 K at the frequency 1 kHz. Their activation energy.34 eV was
obtained both from dielectric and ESR measurements. The peak of dielectric losse§%tK was observed
in KTaO, doped by low concentrations of Mh(n~0.01 at.%. At n=0.3 at. % a pronounced peak of
dielectric susceptibility similar to that in KTaOLi was revealed in addition to the aforementioned losses
peak. The studies of electric field and temperature dependence 3f B8R intensities with respect to the
local Lorentz field had shown that the dipole moment &4 can be associated with M# ion. The origin of
this dipole moment was shown to be off-center displacement.9 A of M?* from the K site in one of
six [001]-type directions. The relaxation rate of these dipoles after the polarizing electric field switching off
was directly measured by the ESR method. It was described by Arrhenius law with activation &pergy
=0.104 eV, which is close to the value obtained from dielectric measurements. Possible sources of dielectric
losses in nominally pure KTagsingle crystals in the vicinity oT~40 K are analyzed and discussed on the
basis of both present work data and earlier results collected from the literature.

. INTRODUCTION ments in nominally pure and weakly doped KTa®as not
successful due to actual absence of ESR measurements. On
The study of impurity dipoles in the incipient ferroelec- the other hand, the large number of noncubic paramagnetic
trics like KTaQ, attracts much attention of scientists becausecenters (F&",Fe",Mn?", T&*") observed recently in nomi-
the dipoles were shown to influence strongly host materiahally pure KTaQ (Refs. 11 and 1Rhints on several impu-
propertiesup to ferroelectric phase transition appeararide  rities as the sources of dielectric spectra anomalies.
The ferroelectric phase transition in KTa@ith off-center In the present work we performed ESR and dielectric
impurities (like Li* and NB*) manifests itself both by spectra measurements on several K ai@gle crystals, both
maxima in dielectric susceptibility and by losses at low tem-nominally pure and weakly doped by (i at. %, Fe and Mn
peratures. On the other hand, the low-temperature lossé8-01-1.0 at.% Quantitative analysis of obtained spectra
(LTL) can be the result of reorientational motion of impurity Made it possible to find out that the impurities of iron create
dipole complexes like M¥ -V , where M&* represents the the reorle_ntable dlpqle c_omplexes _FeO| _(O, is interstitial
dopant ion and Y is the anion vacancisee, e.g., Ref. 3 and ©XYgen ion. contributing to dielectric losses afl
references therejn ~185 K. Mr?* impurities were shown to create electric

Last year the dielectric anomalies were observed even i 'p‘;'fs.w'th a dipole mome'g\dzlA %A,.orlgmgted from
nominally pure KTaQ single crystals; they were shown to n _+d|splacemen1&~0.9 eA from K site similar to that
be a sample-dependent phenomena similar to optical proper- We.discuss the reasons of dielectric losses in pure KTaO
ties (like first-order Raman scattering, second harmonic gen-

) 47 o near T=40 K. From our analysis it follows that several
eration, et0."" It was shown recentithat the origin of the types of dipole centerevhich are unavoidable impurities in

aforementioned optical properties can be light-induced Cenﬁominally pure KTa@) of small concentration £0.01
ters like Td™ near oxygen vacancy. However, the reasons of % can be the sources of the aforementioned losses.
LTL with peak at T=40 K and the nature of several other
dielectric spectra maxima observed eaflférare still not
clear, mainly because of the absence of dielectric and defect
structure measurements on the same samples. The attempt to
perform simultaneously dielectric, optical absorption, photo- The measurements were carried out on single-crystal
luminescence, and electron-spin-resona(E8R measure- samples of KTa@, both nominally pure and slightly doped

Il. SAMPLES AND EXPERIMENTAL DETAILS
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FIG. 1. Dielectric susceptibility ;) and dielectric loss (tad

FIG. 2. ESR spectra for KTaQFe atT=77 K andB||[001].
=¢g,/e4) taken at 1 kHz vs temperature for KTa®e. P a0 Irooy

o the most intensive lines belong to the paramagnetic idh Fe
with Li (1 at. %9, Fe (0.1-1.0 at. % and Mn(0.01 and 0.3 g psituted for the K with interstitial oxygen in the nearest
at.%9. Two different methods have bee_n L_Jsed to growneighborhood (F&-0)). ESR linewidth AB) of this center
KTaO; crystals: the spontaneous crystallization techniquey,-reases with increasing temperatuigee Fig. 3. Our

and the Czochralski method. As the starting components,ysis had shown that the obsenzeB data can be fitted
K,CO; and TaOs of high purity were used. The sample by the expression with two exponents:
dimensions were (X2x2)mnt, with the surfaces parallel

to crystallographid001) planes. The major faces were elec- _ _ _
troded using Engelhard flexible silver paste. ABIMT]=30exq ~Esp/T) +57000 exp Er/T)’(3 1)
ESR spectra were recorded in tkeband microwave re- '

gion. The Oxford Instruments ESR-9 cryosystem allowed usvere Esp=850 K andE,=3800 K.

to perform measurements in the temperature range In our opinion the first term in Eq3.1) is connected with

4.2-290 K with accuracy of 0.1-0.2 K. Dielectric spectraspin-phonon contribution, namely Orbach process with opti-

were measured within 10-290 K and 400 Hz—-2 MHz rangegal phonon of energf.,=850 K. Itis seen from Eq(3.1)

using a HP 4192 LF Impedance Analyzer. The permittivitythat this mechanism plays the main role at temperatures

was determined by measuring the capacitance and loss tawer than 300 K. On the other hand, at high temperatures

gent as functions of temperature and frequency. the second term in E@3.1) becomes the main contributor to
the linewidth. Its preexponential factor 7457000 mT

~1013 <1 ; ; ; .
Il EXPERIMENTAL RESULTS: THE COMPARISON ~10" s ! has typical value for ESR line motional broad

OF ESR AND DIELECTRIC DATA

N L L I B B B L
A. KTaO;:Fe 3_KTa03:Fe3*-O|

The results of the measurements of dielectric susceptibil- [ AB=30exp(-850/T}+57000exp(-3800/T)
ity real part ;) and dielectric losses (ta), respectively,
are depicted in Fig. 1. It is seen thatincreases very similar
to the case of undoped KTa® Spectrum of dielectric 6
losses has maxima =185 K, 150 K, and 40 K. Measure-
ments of frequency dependence of the observed peaks posi-
tion had shown that relaxation time for dielectric losses
nearT=185 K can be described by Arrhenius law with ac-
tivation energy E=0.34 eV andro=3-10"* s. Similarly
a relaxation peak near 150 K can be characterized by E
=0.30 eV andry=1-10"1* s. These values coincide with
those obtained earlier on ceramic samffle&uthors of Ref. 5
10 assumed that the reorientation of the centef Fég is
the source of dielectric losses at=185 K, while 150 K
peak appears due to ¥ereorientations. Peak at=40 K
was observed earlier in several worlsee, e.g., Ref. 4 and ol &
references therejnbut its origin is still unclear. 100 150 200 250 300 350 400 450

ESR measurements reveal several types of spectra on the T (K)
same samples. Part of the observed lines are represented in
Fig. 2. The analysis of the whole observed spectrum and the FIG. 3. Temperature dependence of ESR linewidth fo¥'F®,
comparison with those observed earftéf had shown that center atB[[100] (solid line, theory; circles, experiment

AB (mT)
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FIG. 5. Real €¢,) and imaginary §,) parts of the dielectric
susceptibility taken at 1 kHz versus temperature for K438
at. % Mn. Insetz, as a function ofl for KTa0;:0.3% Mn and 1%
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FIG. 4. Real €,) and imaginary §,) parts of the dielectric
susceptibility taken at 1 kHz vs temperature for Kga@O1 at. %
Mn.

5). The relaxation rate obtained from the observed frequency
ening due to paramagnetic complex reorientations betweeflependence of the dielectric losses peak position was de-
six equivalent positions along001) directions. Activation  scribed by Arrhenius law with parametefs=0.11 eV and
energy of this motiorE, =3800 K(or 0.33 eV is close to  ; 1=5.1013 571,

Therefore, the origin of dielectric losses =185 K (v The intensities of spectral lines correlate with the intensity of
=1.0 kHz) is reorientational motion of dipole complex |ow-frequency dielectric losses ne@ir55 K. The angular

Fe’*-Oy rather than that of Fe-Vo, as it was assumed dependence of the resonance fields was described by a spin
earlier in Ref. 10. Moreover, neither symmetry nor linewidth Hamiltonian of the following form:

of Fe*-Vy ESR spectrum do not change with temperature
up to T~900 K, as we had shown earlittso that there is
no essential reorientations of this complexTat 900 K. To - - 1 oo 1 o 0 aa A
confirm the decisive role of Bé-O, dipole complexes in the H=pSgB+ 3b305+55(b204+0,0,) +S A,
considered peak of dielectric losses, we performed ESR and (3.2
dielectric measurements on several samples with different
concentrations of these iron centers. The observed correla-
tion between intensities of B&-O, ESR spectrum and di- where  gy,=g,y=2.000, g,,~1.998, b3=0.148 cm?,
electric losses af=185 K gives evidence that these lossesby=—1.2-10"* cm %, b;=2-10"% cm™ %, A=Ay =
really due to F&"-O, dipole complex reorientations. Note —82.7.10°% cm !, A,,=—85.910 * cm !, their values
that there is not direct correlation between the Fe ion contertteing the same as those obtained earlier by Hadndine
and the intensity of the dielectric losses because tHé % spectra of three magnetically nonequivalent centers of'Mn
are a pair centers, their concentration also depends on thvith axes along 001) directions were observed.
interstitial oxygen content. b. Electric-field dependences of ¥'h ESR spectraWe
The relaxation peak at 150 K cannot be associated witthad shown earliéf that application of external electric field
any known F&" paramagnetic centers in KTa®ince we E|[001] leads to the redistribution of ESR lines intensities:
did not observe any ESR spectrum with intensity correlatedhe intensity of the spectrum with axis parallelEdncreases
with the relaxation peak height. Apparently, these dielectriovhereas the intensities of the spectra of othe?Moenters
losses origin is nonparamagnetic’Fecomplexes as it was decrease. However, the measurements in Ref. 16 were per-
assumed in Ref. 10. formed only atT=77 K, so that the behavior of manganese
dipole complexes in vicinity of dielectric properties anoma-
B. KTaO3: Mn lies stayed unclear. Our measurementsTat77 K reveal
new interesting peculiarities. As an example, in Fig. 6 we
have represented part of ESR spectra recordei=a26 K
a. Dielectric and ESR spectra’he observed dielectric and§=78 (@ is an angle between magnetic field 4001]
losses neaif~55 K in KTaO; crystals doped by Mn are direction. It is seen that application of electric field results in
represented in Fig. 4, their characteristics being close tessential enhancement in the intensity of the spectrum for
those observed earlié?. The magnitude of losses is small which the center axis is directed along external electric field.
enough (ta=e,/e,~10—20-10"%) at small concentra- This behavior is clearly seen from the most intensive lines of
tion of Mn (n~10"3-102 at.%. However, atn~0.2  —5/2——3/2 transition. Contrary to this, the intensity of
—0.5 at. % tan~0.25 and pronounced peak in real part of ESR lines of the centers with the axes perpendiculaE,to
dielectric permittivity similar to that in KTa@Li arises(Fig. ~ decreases. AEE=10 kV/cm latter lines disappear com-

1. Experiment
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FIG. 6. Electric-field dependence of Kh ESR spectrum in 03
KTa0;:0.01% Mn atT=26 K and #=78°. Inset: sketch of the a ]
geometry of the experimental setup.
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pletely. Therefore, the dipole complexes of Mnin KTaO, E (kV/cm)
are reoriented by external electric field and try to align along
E. FIG. 7. Electric-field dependence of Kih centers alignment
Let us introduce the quantity along external electric field for various temperatures in
KTa0;:0.01% Mn. Solid lines correspond to data calculated with
Eqg. (3.6).
1+1, . 9.3
T AT, ' cosHAE e /KT)

. o . T 2+ CoSHAE oo /KT) 3.6

as the measure of the dipoles orientation along the electric

field, wherel;~Ny, 1,~N,, 13~Nj3 are the normalized In accordance with Eq(3.6) the value of has to be
spectra intensities of the centers with orientation along, opeependent off andT. These dependences were actually ob-
posite and across t& direction, respectively. The depen- served and they are depicted in Fig. 7 and Fig. 8 for two Mn
dence of ESR resonance intensity on the center orientation iponcentrations. It is seen that the degree of the centers align-
external magnetic field was taken into accolMy, N,, and ment alongE increases as temperature decreases but it is
N5 are corresponding to the number of appropriate centerglifferent for two Mn species. We will discuss these differ-
Note that since for-5/2— — 3/2 transition the external elec- ences below.

tric field does not lift the degeneracy of ESR spectra of

Mn2* with = a(a=Xx,y,z) axes orientations, we can mea- NN
7- 7 N L 3 A 1.0 L . = ]
sure only total ESR intensity of two centers with opposite KTa0,: 0.3% Mn /«&,—3’”"‘*0
axes directions. This fact was taken into account in(Bcp). I C ]
So, the value ofy changes from 1/3 at zero external field 09 38 K ;’30K b
! . . R ; . 80K
(wherel;=1,=13) up to 1 in the case of full dipole align- i e 1
ment along electric fieldin which casel;—1,,=15=0). 08 =
The EQq.(3.3) then can be rewritten as . K e
0.7+ ¥ K- -
N;+Np 3.4 I . ]
7T ANGFN N, 34 Y i
2 =R
In the considered cad¢;, N,, andN3 correspond to popu- 05 L i
lations of the levels with energiesd- E,,. and zero, respec- |
tively, whered is dipole moment and Ll
04| - -
- )
Elp=E+ 9P (3.5 e en e
|0C: + — ’y . 03 -1
380 | 1 [ | [
o _ 0 5 10 15 20 25
stands for a local electric field'®(y andP are, respectively, E (KV/om)
Lorentz factor and polarization In equilibrium state the
populations of the levels obey to Boltzmann laiN; /N FIG. 8. Electric-field dependence of Kih centers alignment

=expdEqy/kT) and N,/Nz=exp(—dEq/KT). In this case along external electric field for various temperatures in
we obtain from Eq(3.4): KTa0;:0.3% Mn. Dotted lines are guide for eye.
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-2 . . . . atT=T,, (T, corresponds to maximum of dielectric permit-
I KTaO,; Mn* ] tivity &) some critical electric field(T) appears, reorien-
1, = 2(2)10™ 1/s | tation of the dipoles being possible only Bt-E.. To our

E =0.104(4) eV - mind, this is due to dipole-dipole correlations, which in-

1 crease near dielectric permittivity maximum. Such correla-
tions can result in the appearance of clusters with dipole
glass dynamics, which clearly does not obey the Arrhenius
law, peculiar to isolated dipole dynamics only. The similarity
of ¢(T) behavior for KTaQ with 1% Li and with 0.3% Mn
] confirms latter statemertsee Fig. 5. It is clear that any
7 collective (like dipole-dipole correlationsand nonequilib-

] rium effects(like glassy dynamics in clusterglo not taken
into account by simple Eq(3.6). Also, in dipole glasses,
0L 0.0, 500 1000 1500 2000 ] which are known to be nonergodic systems, the results of
i 1) 1 measurements have to depend on the regimes of field appli-
: cation on cooling or heating, So, for complete elucidation of
P nonequilibrium cluster dynamics, the more complex ESR
1/T(K") and dielectric measurements should be performed. They will
be performed in the near future and reported elsewhere.

FIG. 9. Dielectric relaxation time- as a function of I¥ for a H h th in attenti il b trated
KTa0;:0.01% Mn crystal deduced from the ESR data. Inset: the ere, however, the main attention will beé concentrated on

time dependence of ESR intensity after polarizing electric field® Properties of the isolated dipoles, i.e., on the samples
swiching off. with small concentration of Mn.

b. Reorientation rate of M%i" dipoles One of the most
important characteristics of an impurity dipole is the height
At T<27 K the dipoles orientation remains the same forof barrier between its equivalent orientations in a host lattice.
a long time after field was switched off. Note, that for In the ESR method this quantity can be measured on the
>27 K the orientation of dipoles can be thermally destroyedbasis of spectra change in the regime of motional narrowing
during finite time from several minutes to several hours,(broadeningunder the conditiond wr<1 (Aw7>1), Aw
which is sufficient for this process observation. As an eX-is the spectra splitting due to magnetically nonequivalent po-
ample, we have represented the time dependence of intensidtions of the dipoles is reorientation time. This procedure
of ESR lines of the center 1 in the inset to Fig. 9. One canya5 ysed for F& -0, centers in previous subsection. Note
see there the exponential time decay of the intensity aftef,at earlier such measurements were performed by us for
polarizing electric field switching off. KTaO;:Mn2* (Ref. 2 (for T>77 K only) as well as in
Ref. 22 for the KTa@ with 3% Nb. Although the analysis of
the experimental data seems to be more accurate in Ref. 22
a Mn?* dipole momentThe Eq.(3.6) was applied to the than in Ref. 21, barrier height obtained in Ref. &
analysis of single Mfi" dipoles alignment along external =(0.065£0.01) eV appeared to be two times smaller than
electric field direction. Such analysis has been performed fofyat gbtained from dielectric measurements. This discrep-
the samples with low manganese concentrations, in whichiy. makes it difficult to determine the mechanism of dielec-
there are no correlations between aforementioned dlpoleﬁ,iC losses in KTa@:Mn as well as to clarify the local struc-

;gﬁoe;g?::rgenzglS?aggs\’\:)eer:nﬁg;i J:’;gf?w?% rzgeep(gl?(;_theture of Mre* center. In particular, this discrepancy could be
g.to P the result of confusion between 90° and 180° reorientations

first nonlinear term in free-energy power setfes in ESR or dielectric measurements, respectively. To clarify
these questions we performed the measurements &fMn
ﬁ) =x {T)P+&P3, (3.7 dipoles dynamics at the temperatures close to low-frequency
T Tm- Namely, we performed the direct measurements of the
wherey(T) is linear dielectric susceptibility. In practice this rate of 96—reorientation of MA* dipoles on the basis of
quantity is measured by application of small amplitude a.crelaxation time observation in ESR measurements after ex-
electric field, when nonlinear terrsP3 can be neglected. ternal electric field switching off. Since there are six equiva-
The value of Lorentz factoy in Eq. (3.5 was taken to be lent orientations of Mf" dipoles along(001) directions it
similar to Li* on K* site (y=—0.1) because M also  could be three different ESR spectra at arbitrary orientation
substitutes K *.2° The coefficient of nonlinearity was chosen Of magnetic field. These spectra intensities have to be pro-
to be £=0.5-10"° mks units!® The fitting of observed data Portional ton,+n,, ns+n,, andns+ne, wheren; is the
with Eqg. (3.6) with respect to Eq.(3.7) yields d number of the dipoles with orientations alori@01],
=1.4(2)eA. This quantity corresponds to Mh ion dipole ~ [001], [010], [010], [100], and[100] directions.
moment, which is temperature independent within the accu- The populations dynamics can be described by appropri-
racy of our measurements. ate master equations. Keeping in mind that we consider the
As it has been noted earlien(E, T) has another form for population relaxation afteE field switching off, i.e., ate
larger concentration of mangandsee Fig. 8 In particular, =0, the master equations are given by

0.8F

In1/z

0.6

04}

T=30K
02l | ~ exp(-t/t)

ESR intensity (arb. units)

0.030 0.031 0.032 0.033 0.034 0.035

2. Analysis of experimental data
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n The obtained data are in a good agreement with the results
gt =W ny+W, (ng+n,+ns+ng) —ny (W +4W, ), of dielectric measurements so, most probably, the results of
(3.9 the earlier papéf are incorrect.

Ny IV. DISCUSSION
at =W ny+W, (ng+n,+ns+ng) —ny(W+4W, ),

d A. The model of Mn?* centers

Na As it was mentioned above, the model of Mncenters in
WzW”nAJrWL(nlJr Ny +Ns+Ng) —Ng(W|+4W,), KTaO; as well as the nature of their dipole moment is not
clear up to now. One can agree with the statements of the
works (Refs. 20 and 2B8that Mrf™ should be on K site
Wjng+W, (ny+Ny+ns+ng) — ng(Wj+4W, ), rather than on T site. However, their assumption that po-
tassium vacancy/(K) near Mrf* ion is the reason of the
center tetragonality, contradicts to our data. Indeed, two
facts, namely, the magnitude of the dipole momeht
=1.4 eA and the existence of Lorentz field strongly contra-
dict to the model MA™-V(K). For such a center the dipole
moment has to be about 3 times larger and the local field has
to be equal to external orté On the other hand, in alterna-
give model of the center, Ml ion is shifted from the lattice
§_ite on the valueA=0.9 A. As our simple calculation

dn4_

dt

whereW, andW, are, respectively, the probabilities of 180°
and 90° reorientations. The equations f@grand ng can be
easily obtained from those far; andn, by the interchange
of ng and 4n; as well asng andn,. As it was pointed out
above, for—5/2— — 3/2 transition we cannot distinguish be-
tween ESR spectra of M with = a(a=x,y,z) axes ori-
entations. That is why for the analysis of relaxation proces

we considered the sum of spectra intensities for centers or ;
= shows, the observed valde=1.4 eA can be connected with

ented along and opposite B, i.e.,1;~n;+n; and one of 0, o5t conral position of MiT. The valueA=0.9 A is
two spectra with the _qxis perpendicular Eg i.e., .|2~n3 also in a good agreement with the valmge= 0.147 cml of
+n,. For these quantities Eq3.8) become very simple:  teragonal crystalline-field parameter, calculated in superpo-

N sition model® In such a model, Mfi" excessive charge
Ni+Nisq— _>_ (3.9  compensation can be due ¥{K) in the distant spheres, so

3 the Mre™ impurity is not a pure dipole like Li or Na’
substituted for K. This can result in some peculiarities in
the collective behavior of such dipoles, their analysis, how-
ever, is beyond the scope of the present paper.

d(ni+ni.q)

_ -1
dt T

Herei=1,3,5, N=3f | n; is the total number of the dipoles
and 7=1/6W, is the relaxation time. The solution of Eg.
(3.9 under the initial conditions;(t=0)=N and n;~(t
=0)=0 vyields
B. Dielectric losses near 40 K
n1+nz=ﬂ(l+ 2eY7), (3.10 Here we would like to discuss the nature of dielectric

losses in KTa@nearT~40 K, which was widely discussed
in the last yearssee, for instance, Refs. 4, 9, 10, 24, and 25

Peak of dielectric losses at=40 k was observed in al-
most all KTa@Q samples, whose intensity being sample de-
pendent. In particular, the level of crystal purity defines in-

To increase the accuracy of calculations we used the ratitensity of the peak and it becomes almost unobservable
of ESR lines intensities, which is less sensitive to the condi{tand<10~%) in the samples fabricated from the highest pu-

:E A tlT
N3+ Ny 3(1 e '").

tions of measurements. In particular, we used rity component or carefully cleaned from the unavoidable
impurities. Therefore, there are no doubts that this peak is
[,(t)  ng+ny, 1-e U7 due to unavoidable impurities, as it has been noted

() ni+n, 1t+0e Ut (3.11 egrlier.lo'250n the other hand, the kinds of these impurities is
still not clear because there are many sorts of unavoidable
wherek is a scale factor. impurities in KTaQ.1%1?

This equation made it possible to perform the direct mea- The most frequent assumption was that aforementioned
surements of(T) in the temperature rang@7—33 K where ~ peak is due to different dipole centers of iron. For example,
ESR spectra intensities had been substantially changdtiwas supposed in Ref. 9 that Fe centers with rhombic
within time interval 4000 7=50 s. Aforementioned Symmetry are the sources of the losses. Contrary to that, our
variations can be easily fixed by virtue of E@.11). The recent detailed analysis of these centers ESR spectra tem-
results of measurements are represented in Fig. 9. One c@grature dependerféehad shown, that in the wide tempera-
see that In(1) is described well by linear dependence onture rangg4.2—500 K these centers are static dipoles rather

1/T, i.e., the relaxation rate obeyed to Arrhenius law than reorientable ones. They can not contribute to dielectric
losses alf=40 K therefore.

1 1 Another, pol_aronic mechanis_m of Iow-temperature losses

P T—Oe ' (312 was proposed in Ref. 4. According to this paper, the polaron-

type defects could be oxygen vacancies whose ionization
with 1/79=2(2)x 10" s71, E,=0.104(4) eV. state gradually changes far<60 K. Although this model



PRB 61 PARAMAGNETIC DIPOLE CENTERS IN KTa@ ... 3903

TABLE |. Characteristics of low-temperature dielectric relaxation peaks in KTaO

Material PeakT (K) 7-51 (sH E, (meV) References and Remarks
(a) KTaOs: “pure” 39.5 (4 kH2) 6.7x 10" 73.6 Bidaultet al. (Ref. 4
1.5% Nb 39(4 kHz) 70.6
“pure” 43 (1 kH2) 3x10%? 72 Nowick et al. (Ref. 10
0.01% Cr 3.%x10' 85 Trepakowet al. (Ref. 24
1% Fe 1.6<10' 90 Trepakowet al. (Ref. 25
0.1% Li 3.3x 101 87
(b) KTaO;: “pure” 39 (10 kH2) 1.5x10% 69 This paper
48 (10 kH2) 4.7x10% 86
1% Fe 41(10 kH2) 2.3x10% 72
485(10 kHz  2.2x10% 84
0.1% Fe  40.310 kH2) 2x 1013 70
48 (10 kH2) 2.7x 101 83
0.5% Fe 4810 kH2) 2.4x 108 83 contained 0.03 at. % Li
(c) KTaO;: 1.6% Li 5% 101 86 ’Li NMR data

Van der Klinket al. (Ref. 27

seems to be attractive, it contradicts many experimentdh many KTaQ samples. As the matter of fact, this permits
facts. Also, no microscopic model of polaronic center wasys to conclude that many of investigated crystals contain
proposed in Ref. 4. In our opinion such polaronic dipolesmall quantity £0.01 at. % of Li ions which can be hardly
centers could be the complexes*Tav(O) (Ref. 8 created  detected by ordinary analysis. However, even this small con-
by electron trapped near oxygen vacancy. However, thesgentration of Li dipoles can substantially increase the dielec-
complexes were shown to be stable only up te36 Kand tric losses with following(characteristic for Li) parameters
free electrons are needed for their appearance. These centgfs Arrhenius law: E,=86(2) meV and 75125(2)
were not observed in nonilluminated crystils. X108 s L.

Additionally, there were some other ideas about the The nature of another low-temperature peak of dielectric
sources of dielectric losses. For instance, the idea about Ojpsses withE, =(70-73) meV seems to stay unclear. The
hole centers, which could appear near’Crand FE'  previous attempt to find it out was discussed in the beginning
impurities?® However, there is no experimental confirmation of this subsection. We have only to add that these losses are
of this assumption because enters in KTa@ were ob-  not connected with any known up to now paramagnetic cen-
served only in iradiated samples. ters in KTaQ. Moreover, we observed no ESR spectrum

We have to draw attention to the fact that parameters Ojyith the reorientation barrieE, =72 meV and with inten-
aforementioned losses are different in various papers. In pakity correlated with the dielectric losses magnitude. There-
ticular, activation energy varies from 70 meV to 90 meV. fore, the most probable origin of the latter low-temperature
Since these variations are well beyond measurements accyfielectric losses are nonparamagnetic dipole complexes. It is

racy, this may mean, that we are dealing here with severadoplematic to find out their nature and structure because of
superimposed losses peaks from different dipoles. Predomi-

nance of one or another type of the dipoles seems to depend 0.008
on composition of parent compounds in the process of crys- .
tal growth.

To compare, we collected in Table | the parameters of
low-temperature losses obtained by different authors, in both
nominally pure KTa@ and slightly doped by impurities. In
this table we also included the results of our measurements.
Note that in some samples we observed simultaneously two 0.004
peaks of dielectric losses in the regi@8-45 K, as shown
in Fig. 10.

The observed maximal magnitude of dielectric losses near 0.002
tan § maximum in the greatest part of the samples was small
enough[ tans=(10—40)x 10 *]. But in some samples the
losses appeared to be tés (200—300)X 10 * similar to
KTaO;: 0.5% Fe(Table ). The detailed chemical analysis of 0.000
the latter sample had shown the presence of lithium ions with
concentration approximately 0.03 at. %. On the other hand,
one can see from the Table | that reorientation parameters of
Li* in KTaOs, obtained by NMR metho, are almost simi- FIG. 10. Temperature dependence of the dielectric los$ tn
lar to those for one out of two relaxational centers observedarious frequencies in KTa00.1% Fe.

———
3.6 kHz KTaO,: 0.1% Fe |

0.006

tand
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their negligibly small concentration. The influence of smallimpurities in the lattice would influence essentially the di-
concentrations of electric dipoles on dielectric response iglectric losses and other low temperature properties of
known to be the peculiar feature of incipient ferroelectricKTaO;.
KTaO;. The main reason of such phenomenon is larges

lattice constanis correlation radius of polarization at

T=<50 K. In such substances the influence of electric di-

poles on dielectric response increases essentially. As a result The authors would like to thank Dr. V. A. Stephanovich
even a small amount of electric dipolés.g., unavoidable for a critical reading of the manuscript.
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