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A ferroelectric KNbQ of the barium titanate family has been investigated to 69 GPa at room temperature by
angle-dispersive powder diffraction using synchrotron radiation and an imaging plate. A phase transition was
observed to take place at around 40 GPa, and the Rietveld analysis showed that the high-pressure phase has
GdFeQ-type orthorhombic structure, which is also one of the distorted perovskite structures.

[. INTRODUCTION 15 GPa, but none of these high-pressure phases is the
paraelectric cubic phase. Moyet al? tried to confirm the
Potassium niobate KNbObelonging to the perovskite- transition to the cubic phase at high pressure by a powder
type ferroelectrics of the barium titanate family exhibits thex-ray diffraction, but no structural transition from the ortho-
following three structural transitions with decreasing tem-fhombic phase was observed up to 12 GPa. Freekal™®
perature at ambient pressure: from cubic to tetragonal dfvestigated the local structure of KNh@t 77 and 300 K
691 K, then to orthorhombic at 498 K, and finally to rhom- under high pressure up to 15.8 GPa using the x-ray-
bohedral at 263 K. The highest-temperature cubic phase RPsorption fine-structuréXAFS) technique, and found that
paraelectric, and the other three phases are all ferroelectrit}e local-structure symmetry of the initial rhombohedral
These successive structural and dielectrical transitions aféhase does not change over these temperature and pressure
completely the same as BaTjOOn the behavior of KNbg ~ fanges. The main purpose of lthe present study is the search
under high pressure at room temperature, two Raman spefQ" @ pressure-induced transition which may appear at pres-
troscopic experiments were performed. However, their reSures much higher than those of previous studies.
sults did not agree with each other. On the one hand, Gour-
dian etal! found by Raman spectroscopy and optical
observation that the ferroelectric orthorhombic phase trans-
forms to the paraelectric cubic phase around 9-10 GPa at In situ x-ray-diffraction experiments for a powder sample
room temperature. On the other hand, Skeal? reported  of KNbO; were performed in a diamond anvil cell up to 69
that as the pressure increases, there are three crystalli@Pa at room temperature. The sample used in this experi-
phases appearing at 2.0, 6.0, and 9.0 GPa, respectively, antent was purchased from Johnson & Matthey, with a purity
finally an amorphous phase appears at a pressure of arounfl99.999% in metal basi€CAS#12030-85-Rand was con-

Il. EXPERIMENT
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FIG. 2. Rietveld refinement for the pattern of KNp@t 64.5

GPa. Some of the main diffraction lines are indexed.
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Ill. RESULTS AND DISCUSSION

3.4GPa Several x-ray-diffraction patterns obtained under a com-
. h pression process at room temperature are shown in Fig. 1. It
seems that all the doublets and triplets in the orthorhombic
structure at 0.1 MPa gradually become a single peak up to
~10 GPa, and then the diffraction patterns seem unchanged
from 10 to 40 GPa. X-ray-diffraction data at 18.4 GPa are
listed in Table | and are explained very well by a cubic unit

3

10 20 ’ 30 cell. Similar results were also observed independently by
. Kim and Mind in their recent x-ray diffraction at the Na-
26 (1=0.6200A) tional Synchrotron Light SourceNSLS) and Stanford Syn-

chrotron Radiation LaboratorySSRL). The critical transi-

tion pressure to the cubic phase and the related problem of
whether there is a tetragonal phase before the cubic phase are
) ) ) ) . not possible to determine due to the low spatial resolution in
firmed to be a single orthorhombic phase. Diamond anvil§pe present experiment. In our recent dielectric constant mea-
with a culet face of 0.3 mm and a gaskef301, full- g rements under high pressure, we have also observed a clear
hardened, 10 mil thickwith a 50 um hole serving as @ cpange at around 10.5 GPa at room temperature, which is
sample chamber were used with 4:1 methanol-ethanol as thg, 5 acteristic of the transition to the cubic paraelectric
pressue medium. The pressure was determined by the ru%asd

fluorescence method. Angle-dispersive diffractometry was a¢ pressure above 40 GPa, each of the two peaks at
adopted using a monochromatized synchrotron radiaon ( 3round %=9.3° and 18.6°, respectively, splits into two

=0.6200A) and an imaging plate detector at the Photorheaks, indicating clearly that another structural transition has
Factory of Institute of Materials Structure Science. Theigyen place at-40 GPa. The observed pattern of the high-
sample-to-plate distance in this study was 220.54 mm. W'ﬂbressure phase above 40 GPa can be explained by an ortho-

the storage ring operating at 2.5 GeV and 360 mA and ghombic unit cell. For structural determination, several ortho-
collimated beam of 4@m diameter, each spectrum was col-

lected for 40 min.

FIG. 1. X-ray-diffraction patterns of KNb{at several pressures
at room temperature.

TABLE II. Values of optimized parameters in the Rietveld cal-
culation.

Crystal structure: GdFeQype. S. G.: Pnma

Criteria of fitness: Rwp 4.59%,Rp 3.53%.

Lattice parametersa=5.205(3) A, b=7.627(1) A,

TABLE I. In situ x-ray-diffraction data of KNb@at 18.4 GPa
and room temperature.

Gobs (hkD) dear c=5.212(3) A, andz=4.
3.989 (100 3.899 Preferred orientatiofMarch-Dollasg: 0.73.
2.759 (110 2.757 Overall thermal parameter: 1.5.
1.947 (200 1.950 Atomic coordinates:
i;gg gi% i;g; X y z Isothermal thermal
1.379 (220 1.379 parameteB
1.232 (310 1.233 K 0.03(1) 0.258°  0.012) 4.3
1.125 (222 1.126 Nb (03 0? 0.5 2.3
1.043 (321 1.042 0(1) 0.51(4) 0.258°  0.004) 6.4
0(2) 0.265) 0.052) 0.756) 6.4

&alculated values on the basis of a cubic unit cell wih
=3.8994(10) A. 8Fixed in the calculation.
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90— cally from those of the primitive cubic perovskite structure.
* : JOPDS® This indicates that the pressure-induced phase transition is
o :runl driven by atomic displacement rather than atomic rearrange-
sl® ® :run2 ment, similar to the temperature-induced phase transitions at
o ! ambient pressure. It is worth noting that the value of the
* 1 preferred orientation is 0.73. This value was evaluated using
36 - @ i the March-Dollase function in the Rietveld calculation and is
° much lower than the value of 1.01 for those of no-preferred
° 1 orientation. It may be ascribed partly to the quasihydrostatic
34l . ] condition in which the solid-to-solid phase transition occurs
ortho and partly to the polarization of synchrotron radiation light.
i (GdFeO,type) | It is interesting to know that both KMnHRef. 10 and
P e NaMnF; (Ref. 11 have a cubic perovskite-type structure and
' 1 transform to the orthorhombic (GdFg®/pe) structure when
> . the temperature decreases. Results obtained from this study
. . on KNbO; demonstrate that the high-temperature—low-
300 0 20 310 ’ 4'0 ' 5'0 ' 610 70 temperature transition in KMnF(Ref. 10 and NaMnk
Pressure (GPa) (Ref. 11 can be realized by the pressure at room tempera-
ture. The molar volumes for the orthorhombic, cubic, and
FIG. 3. Volume change for the orthorhombic, cubic, and GdFeQ-type orthorhombic phases of KNh@re plotted in
GdFeQ-type orthorhombic phases of KNg@s a function of pres- Fig. 3, where the value at ambient pressure is taken from
sure. JCPDS(Ref. 12 and those values up to 10 GPa are obtained
by tentatively assuming the phase to be orthorhombic be-

thombic perovskite-type structures were applied to the&ause the transition to the tetragonal phase is not yet

diffraction pattern of the high-pressure phase at 64.5 GPa. Iﬁlar'ged't 1 OTr(lsePratel of trt'e volume (_:t?]ange w ith pressure utpl
the analysis, we employed tiFaT-RIETAN97 program devel- 0 abou a almost agrees with previous experimenta

3,5 .
oped by Izumf The parameters optimized in the Rietveld results?” As can be seen, the volume change from the cubic

calculation were the atomic coordinates, the lattice paramt-0 the orthorhom_b.|c perovskite is probabl_y _|n§|gn|f|cantly
mall at the transition pressufe-40 GPa. This is in accor-

eters, the preferred orientation parameter, the overall therm . : ;
parameters, and several peak profile parameters. The ze ance with the closely packed nature in the perovskite struc-
' fure.

point shift parameters were not included in the calculation _ .
In summary, we observed the successive transitions of

because the zero point was reliably determined in our experi- . ) .
ment using an imaging plate. orthorhombicftetragonal®cubic-orthorhombic (GaFeQ-

The best fit shown in Fig. 2 is obtained from the type) phases taking place in KNkQvith increasing pressure

GdFeQ-type structurgspace grouPnma,® with the values at room temperature. The transition to the cubic phase at
of parameters given in Table II. It was difficult to determine ~10 GPa is consistent with previous observation based on

the atomic coordinatg of O(2) together with all other pa- hit?h-preﬁsure Raman dspectroscépyiowsver\r’, fthe _amor-
rameters by Rietveld calculation. Then the coordinatef phous phase suggested to appethS_G a(Ref. 3 is not
0(2) was optimized after other atomic coordinates of K andconﬂrmed in thl_s study. Three interesting problems remain to
O(1) converged. The coordinageof O(1) was obtained to be be answered: (i) does the tetragonal phase really exist un-

e der pressure at room temperatufé? what is the dielectric
as small as 0.0@) by fitting. Although we searched for a ; .
structure with higher symmetry in which the coordinatef property of the high-pressure phase with the Gdipe

O(1) is fixed to 0, no suitable candidates were found. GadoStructure? and(iii) is it still possible to change the

linium iron oxide, GdFe@ has an orthorhombic distorted GdFeq,jtype structure further into a different structure under
perovskite-type structure, which is different from the ortho-Much higher pressures?

rhombic one(space grouBmn) of KNbO; at ambient
conditions. Some broad peaks in Fig. 2 are probably due to
the overlap of plural peaks with slightly differedtvalues. In This work has been supported by CRE&Iore Research
this pressure-induced phase transition, atomic coordinates fior Evolutional Science and Technologgf Japan Science
the high-pressure phase do not seem to change so dramadird Technology CorporatioST).
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