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Several previous studies of;K,Li, TaO; (KLT) have revealed the presence, above the structural transition,
of polar nanoregions. Recently, these have been shown to play an essential role in the relaxor behavior of KLT.
In order to characterize these regions, we have performed a neutron-scattering study of KLT crystals with
different lithium concentrations, both above and below the critical concentration. This study reveals the exis-
tence of diffuse scattering that appears upon formation of these regions. The rodlike distribution of the diffuse
scattering along cubic directions indicates that the regions form in the shape of discs in the various cubic
planes. From the width of the diffuse scattering we extract values for a correlation length or size of the regions
as a function of temperature. Finally, on the basis of the reciprocal lattice points around which the diffuse
scattering is most intense, we conclude that the regions have tetragonal symmetry. The large increase in Bragg
intensities at the first-order transition suggests that the polar regions freeze to form large structural domains and
the transition is triggered by the percolation of strain fields through the crystals.

I. INTRODUCTION without introducing vacancies, additional charges or chemi-
cal variations.

Relaxors constitute a very important family of ferroelec- In K;_,Li, TaQ;,, the small Li" substitutional ion goes off
trics that is receiving growing attention because of the recenter in one of six100] directions, thus forming an electric
markable behavior of its members. Initially recognized fordipole. The most often quoted value of the lithium displace-
the significant frequency dispersion displayed by their di-ment is 1.26 A(Ref. 11 although a value of 1.6 ARef.
electric constant,they have also recently become the focus12) has also been reported. At high temperature, the lithium
of a new research effort because of the unusually largeff-center reorients between six crystallographically equiva-
strains they exhibit in single crystal form when subjected tolent orientations?! At lower temperatures, the orientations of
modest external electric fieldS. Although most of the nearby dipoles become correlated, leading to the formation
known relaxors are lead compoundBMN, PZT, etc),  of polar nanoregions:'*!*In a recent study, one of us has
K,_Li, TaO; (KLT) has also been shown to be a relakém.  shown that the relaxor behavior was in fact associated with
fact, because of its much greater simplicity, KLT now rep-the coupled reorientations of several lithium ions through
resents a model system for relaxors and one that can be used°® jumps'®
to understand the microscopic origin of the relaxor behavior. The existence of polar nanoregions in KLT is by now well

The first feature that makes KLT a simple model systemestablished, based on several different dynamical measure-
is that its parent compound, KTaQs one of the few ternary ments, dielectric spectroscopy, polarization hysteresis Ibops,
perovskites that do not undergo a structural phasend Raman scatterif§.The most direct evidence should,
transition>® When doped with lithium above a critical con- however, come from x-ray and neutron diffuse scattering,
centration k.=2.2%), KLT undergoes a structural transition which probe structural distortions directly. Only one paper
to a tetragonal phadé The second feature is that'Kis a  has reported observation of diffuse scattering in KLT, using
simple ionic cation, compared to cations such a8'Pbnd  x rays® In a 1.6% &<x.) KLT sample, diffuse scattering
Bi®* found in other relaxors that form partially covalent was reported near th@13 reciprocal lattice points in the
bonds with oxygen. As a result, the latter do not sit at cubid010] direction, slowly rising with decreasing temperature
symmetry sites and the local structure is therefore stronglyand reaching a plateau below 40 K. In a 5.4%>(x;) KLT
distorted even at high temperaturé§ Finally, the aliovalent  sample, diffuse scattering was reported aro(®tB), going
doping required to induce relaxor behavior in relaxors suctthrough a maximum at the transition and disappearing below.
as PMN or PZT results in a charge imbalance that can onlyn the present paper we report the results of a comprehensive
be corrected by chemical ordering while, in KLT,"Lsub-  neutron-scattering study in which we have investigated dif-
stitutes isovalently for K, giving rise to the relaxor behavior fuse scattering in KLT for three different concentrations,
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around a number of reciprocal lattice points and in various 1 ] 6% KLT T =85K
directions. This study is complementary to the x-ray study f NIST BT4 14.7meV
described above because neutrons can probe the bulk cryst= s 60'-40'-40"-60"

and give better energy resolution while x rays are restrlctedé \\ warming

to a certain depth below the surface but give better spatla.n 6 250K \

resolution. Before presenting the diffuse scattering result@-' [ 10K

above the transition, it is, however, useful to review the low- 2.

temperature behavior of KLT for the different concentrations
investigated. The nature of the low-temperature phase mag
indeed contain information on the distortions that are respon
sible for the diffuse scattering above the transition.

For very low concentrationsx& Xgiticar= 0.022), KLT re-
mains cubic at all temperatures, as does its parent compoun
KTaOs;.”® For intermediate concentrations, KLT undergoes a
transition from a cubic phase at high temperature to a tetrag

ntensnt

onal phase at low temperature. Amongst others, this was 1% KLT no transition
shown in a neutron study of acoustic phonons in a 3.5% Saclay 4F1 5.6meV
sample with and without a bias electric figidand in an  _ 8 695'-26'-50'-50"

x-ray study of a 5.4% sample that reported a disordered polag cooling

phase with average tetragonal symmetry at low temper&ture & IZ%E

At higher concentration {12%), another study also re- % 6 —A— 12K

ported a low temperature disordered phase but with triclinicy

symmetry.” According to Ref. 8, when 1.6% KLT is cooled % 4 SR . &

below T, without a bias field, large structurally ordered qua- 2 /‘fff_ / T“*\o é‘\é/x\é—o

drupolar “domains” form, containing disk-shaped polar do- = 2 e e

mains with lateral dimension greater than 1000 A and an
aspect ratio greater than 10. We note that, according to Ra
man data in 1.4 and 5.4 % KLT, this lateral dimension may [I-ifO]
even reach several thousands4000 A)1® In summary,
the strong anisotropic static scattering, arising from clusters F|G. 2. Elastic scans at th&10) reciprocal point in 6 and 1 %
of frozen polarization belowl,, suggests the presence of KLT single crystals. As in the 13% KLTFig. 1), the diffuse scat-
dynamic precursor§polar nanoregionsaboveT,. tering in the 6% KLT is maximum at 85 K, below which the Bragg
intensity increases. The 1% KLT crystal did not display any diffuse

scattering or increase of Bragg intensity but only an increase in

0.7 0.8 0.9 1.1 1.2 1.3

Crystals with different lithium concentrations) were T s K ¢ . dielectri A

studied using neutron scattering. They are listed in Table |c 'S kKnown from previous dielectric measurements. As

along with their transition temperaturés. For 6 and 13 %, shc.)wn. in the present results, I coincides with the onset of
extinction or decrease in magnitude of #id.0) Bragg peak

(upon warming as well as with the maximum of the diffuse
13% KLT T =120K

1000 scattering.
900 16\153031(;{6(1;'71116\] ue . The neytron measurements were performed at the Na-
warming o tional Ir?st|tute.of Standards and Technolo@yiST) on the
800 g } three triple axis spectrometers BT2, BT4, and BT9 and at
g 7003 250k | \ Saclay (France on the 4F1 spectrometer. The NIST spec-
2 0 iggg B trometers have a better spat@lresolution for diffuse scat-
2 L 90K L tering while the Saclay spectrometer has better energy reso-
. 500 lution for quasielastic scattering. The wavelengths used for
'§ 200 the data displayed in this paper were 2.36(1.7 meV or
2 2.46 A (13.5 meV at NIST and 3.82 A(5.6 meV} at
= 300 Saclay.
200 W . st The NIST BT2, BT4, and BT9 are conventional thermal
100 i TABLE I. Dimensions, mosaicity, and transition temperatures
o frr—r-r—r—"r—rrr——r———r———r————————— of the KLT samples.
0.7 0.8 0.9 1.0 11 12 1.3
[H10] Conc. Volume (mm) Mass(g) Mosaicity T.(K)
FIG. 1. Elastic scans at thg10 reciprocal point in the 13% 1% 7X5.5X4 1.0 no transition
KLT single crystal. Diffuse scattering is maximum at 120 K. The 6% 13x6x4.5 2.7 3+3 85
top-right inset also shows that the Bragg peak intensity increases3% 8xX7X5.5 2.2 9.5+1' 120

rapidly below 120 K.
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FIG. 3. Elastic scans near tti#10 reciprocal point across the

diffuse scattering ridge in the 6% KLT at 100 K.

neutron triple axis spectrometers wii®02) pyrolytic graph-
ite monochromator and analyzer. The Saclay 4F1 is a hig
energy resolution triple axis spectrometer on a cold source.
In the Saclay experiment, the first of the two para(lg02)
pyrolytic graphite monochromators was vertically bent while
the second was horizontally curved. TI@02) pyrolytic
graphite analyzer was flat for tHelastig diffuse scattering
in order to improve they resolution in the plane but was
curved for the quasielastic scatterifgince curving the ana-
lyzer improves the energy resolutiorBoller slits were not
used and the geometry of the spectrometer gave natural ¢
limations of 695-26'-50'-50'. A pyrolytic graphite filter
was placed after the sample to minimize higher-order con
taminations. Most of the data in this paper were obtaine

upon warming.

Ill. RESULTS
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tice points and in several directions. A typical scan is pre-
sented in Fig. 1, which reveals diffuse scattering around the
(110 point in the[010] direction for the 13% KLT sample at
different temperatures. The diffuse-scattering peak grows in
intensity with decreasing temperature, reaching a maximum
at the transitionT.=120 K, and abruptly disappearing be-
low. The finite correlation length &k, and the sudden dis-
appearance of the diffused scattering below are consistent
with the first-order nature of the transition, which is also
evident from dielectric measuremen?€’The inset of Fig. 1
shows the Bragg peak with a relatively constant magnitude
down to 120 K and a rapid increase below. Figure 2 shows a
similar behavior for the 6% KLT sample with a transition at
T.=85 K but a very different behavior for the 1% KLT
sample which does not exhibit a transition. For the latter
sample, one observes only an increase in the flat background
with decreasing temperature. Even for the two higher con-
centrations, which exhibit a phase transition, it is interesting
to note that, while diffuse scattering is observed around cer-
tain reciprocal lattice points in certain directions, other direc-
tions only reveal a similar increase in the flat background.
his observation indicates that, in the latter directions, there
IS no particular order of the polarization or atomic displace-
ments and, consequently, no particuladependence. Scans
at different values ofQ in the [010] direction are shown in
Fig. 3 and reveal diffuse scattering that is restricted to rela-
tively narrow ridges along cubic directions. The overall dif-
fuse scattering distribution around tfEL0) and(111) recip-
rocal lattice points is mapped out in Fig. 4 and reflects, as it

oﬁ_hould, theaveragecubic symmetry of the crystal. Energy

scans of the diffuse scattering were also performed at the
reciprocal point0.93, 1, 0 at 100 and 300 K. At both tem-
eratures the elastic peak centered at zero energy only had
he width of the resolution. Thus, as far as the neutron mea-
surements are concerned, the diffuse scattering is static in
character. This is also consistent with the dielectric loss re-
sults, which locate the relaxor peak in the kHz to MHz fre-

The diffuse-scattering measurements were made in thguency range at these temperatfr@hese frequencies fall
[001] and[110Q] zones, around many different reciprocal lat- well inside the energy resolution of the neutron spectrometer.
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FIG. 4. Map of the diffuse scattering in the 13% KLTB&T.=120 K (a) [010][100] and (b) [001][110] scattering planes.
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IV. ANALYSIS AND DISCUSSION (3)The set of reciprocal lattice points around which dif-
We first summarize the observations made on KLT in thefuse scattering IS obsgrvgd contains information on the sym-
resent experiments metry of the lattice distortions.
present exp N We first look at the geometry of the diffuse scattering.
() Diffuse scattering appears at temperatures well abovq.he diffuse scattering is in the form of rods extended alon
the transition, the latter being marked by relief of extinction 9 9

or a sharp increase in the magnitude of the Bragg peak. CUb'C, d|r§ct|?ns. Bas_ed on .ele'me_ntar.y .d|ffract|on
(i) Diffuse scattering takes the form of ridges eXtendedconsmera’uon§, such an intensity distribution indicates that

along[00[]-type directions in reciprocal space. the polar regions have the shape of flat disks. Within the

(iii) Diffuse scattering is found around reciprocal lattice plane of the disk, the ferroelectric displacements are corre-
points that have at least two or three odd indices. lated over short distances. The correlation length is therefore

In agreement with the results of other measurements mefuch longer along two of the axes than along the third. Past
tioned in the Introduction, the diffuse scattering reportedmeasurements have shown that, in KLT, the Li ions are dis-
here provides direct evidence for the presence of polar replaced alond100] directions, which are also the directions
gions or, more exactly, for the atomic displacements associf the ferroelectric displacements of the host ions in the per-
ated with them. The present results contain three differendvskite structure(see Table ). On that basis, the model
types of information which we examine next) The direc- presented below assumes such displacements within the po-
tion of the diffuse scattering reveals the orientation of thesdar regions. These displacements will be correlated in two
regions. directions and random in the third. The fact that the disorder

(2) The width in Q of the diffuse scattering shows that comes from a random modulation of the displacements along
these regions have a finite size; as we show below, their siza direction perpendicular to the main symmetry axis of the
(correlation length can be obtained from the full width at regions explains that no diffuse scattering is found around
half maximum(FWHM) of the diffuse-scattering peak. [00l] Bragg peaks.

TABLE Il. Correlation lengthst measured by other workers in KL(ho applied electric field

Sample T<T, T=T, T>T,
Dielectric measurement

Pure KTa? 15 A (0 K)
Asymmetry of Raman TQpeak

Pure KTP 16 A (2K), 6 A (100 K)
1.6% KLT© 100 A (15 K), 20 A (80 K)
Asymmetry of Raman T@©peak

1% KLT ¢ 33 A (4-10 K
3.5% KLT ¢ 36 A (4 K) 36 A (55 K)

10% KLT ¢ 40 A (4 K) 40 A (80 K)

Second harmonic generation

1.6% KLT® 60 A (20 K), 55 A (36 K)
2.6% KLT® 105 A (20 K) 100 A (48 K)

3.4% KLT® 120 A (20 K) 115 A (53 K)

6% KLT © 230 A (30 K) 175 A (86 K)

pure KT' 16 A (4 K)

3.6% KLT ¢ 2000 A (40 K)

6.3% KLT9 10000 A (40 K)

0.8% KLT" 120 A (20 K)
1.6% KLT" 140 A (20 K)
2.2% KLT" 570 A (20 K)

3.6% KLT" 1400 A (20 K)

4.3% KLT" 7000 A (20 K)

6.3% KLT" =28000 A (20 K)

Second harmonic generation
and linear birefringence

1.6% KLT' 80 A (10-55 K
Hyper-Rayleigh scattering

Pure KT? 18 A (10 K), 5 A (200 K)
Hyper-Raman scattering

1.19% KLTK 40 A (0K)

1.6% KLTK 50 A (0K)

3.6% KLTK 150 A (0 K)
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TABLE II. (Continued.

Sample T<T. T=T, T>T,
Microwave-induced Brillouin scattering

1.1% KLT' £<100 A (15-36 K
2.6% KLT' £<100 A (T<50 K) £<100 A (T>100 K)
6.3% KLT' £<100 A (T<85 K) £<100 A (T>100 K)
X-ray diffuse scattering

1.6% KLT™ £>100 A (T~10 K)
NeutronT O, phonon dispersion curve

Pure KT" 9 A(15K),4 A (90 K)
Pure KT® 15 A4 K),8 A(77K)
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Next, we estimate the size or correlation length of theselectriclike arrangement. When cooled in the absence of an
regions. Following the above explanation, it is important toexternal field, the low-temperature structure of KLT is in fact
recall that the direction in which the diffuse scattering isknown to be tetragonal but without a net spontaneous
more extended corresponds to the shorter dimension of thgolarization?® The slightly shorter correlation length in the
regions and vice versa. Because the diffuse intensity is more
extended along the ridge, the shorter correlation length car g4,
be measured more accurately than the longer one. In order t o .
evaluate the correlation length of the displacements, i.e., the '°°°3 NIST BT4 14.7mev [} | eemosroeows
size of the polar regions, the diffuse-scattering peaks in bott 14003 60'-40'-40"-60" Pl
directions(along the ridge and perpendicular tp Wtere fit-
ted with Lorentzian functiongsee Fig. 5 along the ridge P
The parameters from the fits, intensity and FWHM corre- £ 1000 j{ 3: é_a 1
sponding to the shorter correlation length are plotted in Fig.& - Y 7 FWHM
6 for the 6 and the 13 % samples as a function of tempera.2 ¥ 1
ture. At T., the diffuse scattering reaches maximum inten- g 600 + ;
sity and its width a minimum, corresponding to a maximum £ 440 ¥ x
but finite value of the correlation length. The nondivergence ¥ ®
of the correlation length, is consistent with a first-order  2°° = e
transition? It is particularly interesting to note that the 0] FET=y s M-

maximum correlation length for the 6% KLT sample, ———— 7T 7 —
0.8 0.9 1.0 1.1 1.2

[H10]

13% KLT T = 120K

...... Lorentzian convoluted with

warming

ts/3.0min)
»
(=4
(=]

Lorentzian
[100] dirsction

~46 A nearT,=85 K, is only slightly longer than the
maximum correlation length for the 13% KLT sample,
~30 A atT,=120 K. This observation suggests a percola- FiG. 5. Fit to the diffuse scattering at 120 K in the 13% KLT by
tion type of transitiof’ in which, when the distorted regions a Lorentzian convoluted with the spectrometer resolution function.
reach a certain threshold size 40 A), a strain-driven tran- Note that the middle high data points corresponding to the Bragg
sition occuré’ that freezes the polar regions in an antiferro- contribution have been removed.
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13% KLT T, = 120K 6% KLT T, = 85K ferroelectric correlations in the andz (b andc) directions
NIST BT4 14.7meV NIST BT4 14.7meV and its short dimension along the(a) direction. The scat-
20007 60'-40'-40'-60" 70007 60-40-40'-60 tering plane is therefore tha-b plane. Equivalently, we
warming warming . . .
= ‘ = 6000 could have chosen the same polar regions with their polar
E 15001 € % axis alongy but still in they-z plane or regions in the-y
< @ 5000 . A - . .
2 P © i plane with their polar axis along eitharor y. The elastic
k) § 8 4000 site-averaged scattering function is
21000 I =z :
g gaooo— i . P
z g E o] id Seasid Q) =| 2 2 (bea)elQ el (1
= 500 : = 000 ] ~ <
e S S e P : . :
o et IR where(b) is the neutron-scattering length of a given element
0 L . 0 e . in the unit cell and the sums are over unit cell positiops
50 100 150 200 50 100 150 200 > ) > ~ ~ ~
and atoms 4 in the unit cell andQ=ha* +kb* +Ic*, where
: s ~ 46A a*, b*, andc* are unit vectors in reciprocal space ané, |
853 &, 15~ 30A 507 TMEMUT 11,5 unit cells are integers. Along the& axis, short dimension of the disk,
50 o 7.5 unit cells % the model considers a random sequence of up and down
< 5 <40 i polarization regions on an otherwise perfect lattice. We fix
’_}5’ 251 L g ;_' * the region size along the axis atN times the length of the
2 2 % “- g 5 unit cell. This corresponds to a well-known case of disorder
@ ' 5 @O B . . . . . .
o . ] p 1 for which the diffuse-scattering function is givenZy
8 15 Py 8 i
E ; ® 20 % Y . L 2
g 5 E : \ Sui(Q)=CS(Q)| 2 (bg)el? @sin2dy)| , (2)
- e - d
o 4 * o L'"i
. where §4 is the fractional unit cell displacement along the
50 ‘°°T K”"" 200 50 100 T K‘5° 2ao axis of the atom that has an undisplaced positign with
(K) &) respect to the origin of the unit cell. Again we have taken the

] . . ) ferroelectric displacement$ all to be in thez direction and
FIG. 6. Intensity of the diffuse scattering and correlation length,re considering flat polar regions with their short dimensions
obtained from the fits shown in Fig. 5 for the 13 and 6% KLT 515ngx The diffuse scattering arises from variations of the
samples. phase sum in Eq(1) from its average due to the lack of
) i _long-range correlation of the local polarization or atomic dis-
13% sample may be a result of increased strain at high&jacements along the direction. This produces the sine
concentrations. The longer correlation length, or diameter ofnction term in Eq(2). The diffraction of many superposed
the polar regions was similarly estimated. For the 6% crystalpeytron waves lead to the following expression $0,):
the longer correlation length is found to be3-4 times
greater than the shorter correlation length at 150 K but only
~2-3 times greater than the shorter one at 100 K. This
result would seem to indicate that the polar regions first form

as very flat disks, which then become_ Iarge_r but also fat_ter 3Fhe width of this function alon®, is approximately 2Zr/Na
the temperature decreases. Comparing diffuse-scattering iWhereN is the number of unit cells along theaxis anda is

tensities while taking into account differences in samplethe unit cell parameter along the uncorrelated direction.

wre|g];cht 231 mgamtorrhther p&aﬁvf‘ltﬁeiv?lf thenLorr?tr;tztliaz Cléw?%‘ow’ the sum over all the unit cells in the formula for the
are found to be comparable Tor th€ two concentralions & anfii, oo scattering, Eq2), can be written

13%. This result suggests that the volume fraction of the
crystal that is transformed is approximately the same for the F(h,k,1)=by(1—c)sin(2l 8¢)+bycpisin( 2l 8,)
two concentrations. This is consistent with the observation of Y K H KR H

_ si(NQ,a/2)

7 sik(Q,al2) @

similar correlation lengths at the transition for those two con- +bry(— 1)K sin( 2771 6r)
centrations. M K |
Finally, we examine the information contained in the par- +0o(—1)™ sin(2ml 6o1) +bo(—1)

ticular set pf reciprocal |a'FtIC9 points around whlch diffuse X[(= 1)+ (= 1)¥]sin 27l 8oy),

scattering is observed, with at least two odd indices, and

show that the results are compatible with a tetragonal distorwherec; is the site diffraction occupancy of the Li atom.
tion of the lattice in the nanoregions. This is obviously quiteThe O (apeX oxygen site is at1/2,1/2,0 along thez axis
consistent with the fact that all the displacements are extdisplacement axjswhile O, and G are the remaining two
pected to be alond100] directions leading to the known equivalent oxygens in the unit cell. There are four different
low-temperature tetragonal phase. For the sake of argumeriypes ofF(h,k,lI) based on the parity di, k, andl. Using

in the following model, we assume that the neutron beam ishe small displacement approximation for all of the atoms
incident alongy (b axis of the crystalon a flat disk(polar  except lithium, and factoring outsa, the values of(h,k,I)
region with its polar axis in thez(c) direction, i.e., extended become
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F(ho.Ko,lo)=FLi(1)+(1—cy)bk Sk —bradra In the model presented above, the displacements of the
host ions have been assumed to be the ferroelectric displace-
+bo( 80112602, (49 ments corresponding to the soft transverse phonon mode and

the displacement of the lithium ion to be along cubic direc-

F(ho Ko le)=TLi(1)+(1—cpi)bg Sk + bradra tions. From previous studies and from the present work, it is

5) now well established that the primary displacement of the
lithium ions in KLT is along[100Q]. It is of course possible
_f . . that there may be a small additional displacement along a
F(Noke o) =T1i(1) (1= CLi)b o+ Dradra b05°1'(6) second direction, most likely anothigr0Q] direction, such as
(010, resulting in a local orthorhombic symmetry. However,

+bo( 5012602,

g o~ _ _ such a distortion has so far not been reported by anyone.
Fho ke le) =D+ (1~ )by Sk~ bradra b0501'(7) The model presented above reproduces qualitatively well
the observed diffuse scattering, which therefore provides di-
F(he ke, lo)=fii(1)+(1—CLi)bk bk —bradra rect evidence for the presence, above the transition, of polar
nanoregions with tetragonal symmetry. The strain fields as-
+bo( 8012602, (8)  sociated with these regions must, however, remain relatively
weak since no broadening of the Bragg peaks is observed.
F(he,ke,lo)=fLi(1)+(1—c)bkSk+Dbra01a Upon passing through the transition temperature, a very sig-
b oyt 280y, ©) nificant increase in the Bragg intensities may signal either

the development of very large strain fiel@telief of extinc-

tively, and where comparative x-ray study of KLT and KTN, Andrews con-
cluded with the latter explanation. The experimental evi-

sin(27l ;) dence in support of his conclusion (g that the structural

fi=cubi——— (100 changes taking place at the transition are very smala (

~1.0014 in 5% KLT and should not generate large strain

As mentioned earlier, the ferroelectric displacemehts fields and(ii) that the integrf_;\ted i_ntensities of_ the Bragg
the perovskite structure are opposite for the positive centrd?€@ks are found to be proportional in two very different crys-
ion and the six negatively charged oxygen ions. According td&!S, 1.7% KTN and 5% KLT. Our results suggest a similar
the model just presented, the Li-induced displacements givéXPlanation. As can be seen in Fig. 1 160 Bragg peak
ing rise to diffuse scattering should therefore be those corred0€s not show any broadening beldy, despite a very
sponding to the equations above that have opposite signs f&ﬁrge Increase In intensity. Thls would rule out the strain or
the contribution of the positive and negative ions, e.g., Eqsr_ehef of. extinction e?<plalnat|on and favor the frozen cluster
(4) and (5). On the contrary, one would not expect diffuse ON€- This |_nterpretat|on is also supported by the sudd'en drop
scattering at reciprocal lattice points corresponding to Eqan dielectric constarit and by the sudden increase in the
(7) and(9). For the other cases, diffuse scattering should bdlonpolar TQ phonon mode at the transiticfi. .
intermediate. This is indeed in agreement with the experi- 1he emerging model for the transition is the following.
ments: the strongest diffuse scattering is observed arounfiPove the transition, the polar regions are able to reorient
points with at least two odd indices and no diffuse scatterind?€tween their various possiblgl00) orientations, albeit
is observed around points with only one odd index or allmore and more slowly as the transition is approached. The
even indicegsee Fig. 4. transition t_hen cprresponds to a fre_ez[ng of the polr_alr regions

Going into more detail, one might expect somewhat stronin fixed orientations. However, as indicated in the introduc-
ger diffuse scattering in cases corresponding to(Egsince tion, previous experimental stud_les have clearly s_hown that
the two oxygen terms contribute with the same sign while, in(1) the low-temperature phase is tetragonal #8din the
the case corresponding to H§), the two oxygen terms con- absence of an ext_ernal field, KLT does not_exhlblt any spon-
tribute with opposite signs. However, the experiment indi-taneous polarlzaypn. The large increase in Bragg intensity
cated stronger diffuse scattering aroufd.0) than around f[hrough the transition can _thgrefore be attrlbutgd to the freez-
(33) and (113 and around(331) stronger (or possibly N9 (_)f the_polar regions Wl_thln structural domains such th_at,
broadey in the (001) direction than in the110) direction. within a given domain, the_lr po_lar axes are randomly distrib-
This is probably due to the fact that lower index planes conyteéd between two opposite directions along the tetragonal
tain a higher density of atoms. It may also be related to théXis (antiferroelectriclike arrangementboth orientations
presence of striations sometimes visible in these crystals. 18iving rise to the same distortion. This would explain the
order to elucidate this point fully, a quantitative analysis ofaPsence of a net macroscopic strain or broadening of the
the diffuse scattering around several reciprocal lattice point§@dg peaks below the transition.
would be needed. It is also interesting to note thaf jfis
1/4, then the lithium term vanishes for all evenWwith a Li
displacement of approximately 1.2 A and a lattice parameter
of 3.998 A, this condition is in fact close to being fulfilled.  In the present report, we have presented diffuse-scattering
This further explains the absence of any diffuse scatteringesults obtained on KLT crystals covering a wide range of
around the(002), (022), (222), and (004) Bragg peaks, al- concentrations from below critical to concentrated. For con-
ready predicted to be weak by E@®). centrations greater than critical, diffuse scattering is observed

V. CONCLUSIONS
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aboveT, around reciprocal lattice points with odd-odd-evenin the 6 and 13 % af.. The transition is accompanied by a
and odd-odd-odd indices and in cubic directions. As showrarge increase in elastic scattering, which likely corresponds
by a microscopic model involving modulation of the to the orientational freezing of polar regions into in an anti-
polarization-atomic displacements, this indicates the presferroelectric arrangement within structural domains.

ence of transformed regions with tetragonal symmetry.

These regions have the shape of flat disks lying in cubic
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