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STRUCTURAL PHASE TRANSITIONS IN KTiF,
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Abstract : Phase transitions in the KTiF, single crystals are observed by electron
diffraction. These transitions are attributed to the rotation of TiF, octahedra a-
bout their principle axes. In this way changes of the unit cell can oceur as well as
diffuse scatiering due to LRO and SRO of the oscillations.

1. INTRODUCTION

The structure of KMFs (M =Ti, V, Fe) is based on two - dimen-
sional layers of corner - linked MFs octahedra. The ideal structure of
KTiF4, which is similar to the structures of KFeFs and KVF,, is shown
in Fig. (1), where the TiFs octahedra are not tilted about any axis.
The array of octaedra is successively translated by 1/2 b in the (001)
planes. Structural phase transitions of these compounds have been stu-
died by means of dielectric constant measurements and X-ray diffra-
ction methods!'2,

On cooling the compounds from the disordered phase a series of
new phases results, attributed to the tilting of the MFs octahedra about
their principle axes. Weak superlattice reflections are observed by X-
rays indicating changes of the unit cell. In addition, the crystals are
fragmented into domains. Different domains can contribute in the dif-
fraction patterns simultaneously. At room temperature, the superlattice
reflection indicating doubling of the unit cell of the ideal structure in
the b direction are few and very weak compared to the superlattice
reflections suggesting doubling of the unit cell in the a direction. If
these very weak reflections are ignored the room temperature structure
is based on the unit cell with lattice constants a = 7,596 A, b = 3.884 A,
¢ =12.27A, z =4 and space group Amms!. If the very weak reflections
are considered the structure is based on the unit cell with lattice con-
stants a ==7.76 A, b =7.964, ¢ =12.204, z =8 and space group Pmmn.
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We report the results of structural transitions of KTiF, using the
electron diffraction method which is more suitable for selecting a single
domain diffraction pattern. This method will provide new interesting
results about the superstructures and oscillation modes.
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Fig. 1. Ideal structure of KTiF,.

2. EXPERIMENTAL
21 CRYSTAL PREPARATION

Single crystals of KTiF, were grown from the melt. Compounds
of commersial purity were used as starting materials (KF, TiF,, Ti
and NH4HF:). It was necessary to use reducing conditions in order
to eliminate any oxygen and water impurities. This was achieved by
the decomposition of NH,;HF: which produces HF. The starting ma-
terials were closed in a graphite crucible provided with a lid and then
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put inside a long inox tube closed at both its ends. Two tubes with
smaller diameters were fitted at the top and the bottom faces of the
former tube in order to permit the flow of dried, deoxygenated nitrogen.
Finally the system was put in a vertical furnace open at both ends.

The materials were heated at 900 °C and then slowly cooled down
to 500°C with a cooling rate of 3 °C/h. During the cooling period a
continuous flow of nitrogen was maintained.

2.2 ELECTRON DIFFRACTION

The layer structure of KTiF, is particular suitable for preparation
of thin specimens for diffraction studies by means of transmition e-
lectron microscope. It is possible to cleave the crystals by repeated
use of adhesive tape. The electron diffraction studies have special cha-
racteristics as following:

1) perfect monochromatized beam
2) ability to change the beam width (< 1um)
3) short exposure time for taking a photograph { <<min).

It is possible, therefore, to study the short range correlation of
the microstructure by observing the diffuse reflection in the critical
region near the structural transition point.

A Jeol 100C electron microscope was used operated at an accele-
rating voltage of 100KV and provided with a heating holder.

Figure (2) shows the diffraction patterns taken at room tempera-
ture. Figure (2a) is taken with the electron beam along [001] direction
while Fig. {(2b) and Fig. (2¢) are taken by tilting the crystsls around
[100] and [010] respectively. Indexed diffraction patterns, based on
the superlattice unit cell, are also included in Fig. (2). Only super-
lattice reflections of the type h + k = 2n are present in the basic section.
The reflections of the type h00 and 0k0O (h,k =2n + 1) are absent
in the [001] section and can only appear in the tilted sections as a re-
sult of double diffraction.

Fig. (3) shows the basic section at 250 °C of the same crystal re-
gion as in Fig. (2). Now diffuse intensity lines also appear in directions
parallel with {100] and {010]. The intensity of the lines is strong when
they pass throug the h0O reflections (h = 2n) and very weak when
they pass through the reflections h00 (h =2n + 1) and 0k0O (k =2n).
There are no diffuse lines through the reflections 0k0 (k =2n + 1).
Fig. (3) now contains strong basic reflections of the type hd) (h =2n)
and 0kO (k =2n) in contrast to Fig. (2) where the 0k0 (k =2n} re-
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Fig. 2. Diffraction patterns of the room lemperature phase; beam directions
e) B= [001]
b) B= [012]
e) B= [1p1}

flection is very weak. The hkO reflections with h + k =2n are absent
at 250 ®C but the h00 reflections (h ==2n + 1) are present in the [001]
section.

3. DISCUSSION
The electron diffraction studies provide the follewing results about
the unit cell of KTiF,; at different temperatures.

a) At room temperature, both the a and b axis of the disordered phase
are doubled as is evident from Fig. (2). This is in agreement with the
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Fif. 3. Diffraction pattern of the high temperature phase; beam direction B=[001].

face centred unit cell proposed by Hidaka et al! for the room tempe-
rature phase of KTiF,.

b) Above 215°C the unit cell is changed. Now only the a axis of the
ideal structure is doubled. This unit cell is also in agreement with the
unit cell proposed by Hidaka et al.! for the phase observed above 215 ¢C.
Also the systematic extinetions of reflections observed by electron
diffraction are in agreement with the space groups proposed for the
two phasesl.

The diffuse intensity lines, for first time observed by electron dif-
fraction in KTiF, have some common characteristics with the diffuse
lines observed in CsVF,3. This compound has a similar layer structure
with KTiF,, i.e. layers of cornerlinked octahedra of VFe. The octahedra
of different layers, however, have common principle axis along the
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¢ - direction without any shift of the layers relative to each other.
In KTiF4 the zuccessive layers are shifted by 1/2b and the ¢ axis is
doubled. Thus, it is expected a different behaviour of rotation of octa-
hedra about their principle axes in the two compounds. In fact, the
diffuse lines observed in KTiF, and CsVF; have some different characte-
ristics, i.e. no diffuse lines or any satellite reflections along <110> di-
rections are observed in KTiFs, while they are ohserved in CsVFs be-
low 250 °C,

However, the diffuse lines ohserved in CsVIF4 above 250 °C and
in KTiF; also have some similar characteristics. The diffuse lines in
both materials parallel with the [010] direction have alternately strong
and weak intensity when they pass through the hO0 reflections with
h=2n and h =2n + 1 respectively. The diffuse lines parallel with the
[100) direction have strong (weak) intensity when they pass through
the OkO reflections with k =2n in CsVF, (KTiF:) and weak (zero)
intensity when they pass through the 0kO reflections with k =2n + 1
in CsVF, (KTiF,).

The diffuse scattering in CsVFs was explained on the basis of
the short range ordering of the oscillations of the VFs octahedra about
their principle axis®. An oscillation mode can be represented by (n+ + e,
D + g, nx + ex). Here n; means a SRO of the phase being along [100]
for an oscillation of octahedra around [100] and ; means an amplitude
of the oscillation around [100]. For an example, the rotation of octa-
hedra around [010] is represented by (0, n; + zj, 0). The value of n =0
or 1/2 means that the phase of oscillation is in phase or in antiphase
respectively.

The diffuse lines observed at the high temperature phase of KTiF,
can be related to two kinds of modes with representations (ns + €1,0,0)
an (0, + ¢;,0). If there is a coupling between them, the representation
will be (ny + 1,05 + ¢;,0). However, these modes are not coupled with
each other in KTiF; as it can be deduced from Fig. (3) where only
diffuse lines along [100] and [010] are present. There is no diffuse
line along [110] er [110].

In the high temperature phase of KTiF4 the amplitude of ro-
tation of octahedra around [100] is zero according to Hidaka et al.l.
Fig. (3) suggests that this amplitude is not exactly zero but there is
a SRO of rotation along [100]. In the [010] direction the amplitude
of rotation is not zero, in agreement with Hidaka et al.l. The presence
of the superlattice reflection 100 is due to the in phase coupling of the
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oscillation of octahedra arcund [010] resulting in a doubling of the
[100] axis of the disordered phase. In addition, there is a SRO along
f010] for the oscillation of octahedra around [010] resulting in diffuse
lines along |010]. Thus, the rotation of octahedra around [100] and
[010] shows different characteristics in agreement with the structure
of KTiF4.

On the other hand, the room temperature phase of KTiFa shows
no diffuse lines. This means that the transition from the high tempera-
ture to the room temperature phase induced the coupling of oscilla-
tion of cctahedra around and a'ong [100] and [010]. Since the supee-
lattice reflection 110 now appears, it is obvious that the LRO of ro-
tation of octahedra along and around [100] and [010] prevails resulting
in doubling of both a and b axes of the disordered tetragonal pharse.

Our present work gives the detailed pactern of diffuse scattering
of the high tempersture phase of KTiFa by means of ar electron
microscope.
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I[IEPIAHYH

AOMIKEEZ AAAATEZ QATZHE ZTO KTiF,

Tré
[1. TPHTOPIAAH

{ Topéas Duourjc Trepedc Kardoraons, Puoixd Turdua,
Apororélewn Havemworiuo Osoaalovixn:)

Ze povoxpuat@ddhovg KTiF, mapatnpffivxoy petatpomés gdong pe oh-
rayh) ™g Oeppoxpasiag oto mrextpovind pixpoordmo. Qv petatpomés auvtég
pdors propel va amodolfiodv 6z mepioTpopukés wwioerg Twv oxtaédpwv TiF,
Thow amb Toug wdprovg dEovée Toug. Me Tov Tpbmo autd pmopel va odhafet
7 meptodudmyte ™5 Soude nar va mpoxdder wulehide morAamhdox TG ap-
Y xubeAidug ™e Wavuig pdong dmou e oxtdedpr Sev Exouvv meptoTpopés
Thpw amd toug dEovée tous. Extde twv adhaydv meprodidmtas ¢ dopns
mapamhphlnkay xo weplodinés ypapués Srdyumng axtuvoforlag wou opethovar
oz uatdotaoy mepoptauévne TaEne oT $dan TWY TEPLOTLOPIKAY KIVIGEWY
v oxTabdpwy xatd pnros Twv woprwv abbvey Touc.
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