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Abstract—This paper reports on aRaman study of the cubic-to-monoclinic phasetransition in (NH,);ScFg cry-
olite. We observed sharp anomalies in the frequencies and half-widths of the Raman lines corresponding to
internal vibrations of the Sch+ ions and to lattice vibrations; no soft lattice mode condensation was revealed.
It is concluded that the phase transition studied is related primarily to the orientational ordering of these ions.
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1. INTRODUCTION

Cryolites are a family of perovskite-like crystals
(Fm3m space group of the undistorted structure, Z = 4).
They appear to be promising subjects for investigation
both as having application potential and as model
mediafor use in studying phase transition (PT) mecha
nisms [1]. Investigation of the phase transitions occur-
ring in fluorine compounds of this family is usually
complicated by their fairly high temperatures; the pres-
ence of ammonium ions in the structure reduces the
phase transition temperatures [2], thus making them
particularly attractive for investigation.

It is presently established that in most ammonium-
containing cryolites, phase transitions are associated

with orientational motion of the MeF; and NH,

molecular ions and that the sequence of the phase trans-
formations, their temperatures, and mechanisms vary
substantially depending on the radius of the trivalent
cation [2]. In the (NH,);ScF; cryolite, phase transitions
were observed to occur in the order Fm3m (Z =4) ~—
P12,/n1(Z=2)~—112/ml (Z=16)-— 11 (Z=16),
with the transition points T; = 330, T, = 293, and T5 =
243 K, respectively [2, 3]. The cubic symmetry of the
high-temperature phase (shown in Fig. 1) assumes that
at least one of the ammonium ion sublattices [denoted
by (NH),l in Fig. 1] is orientationally disordered (the
corresponding ion local symmetry is O,); it thus
appearslogical to assume that the observed sequence of
the phase transitions (or, at any rate, thefirst of them) is
associated with the ordering of these ions. At the same
time, it was pointed out in[2, 3] that the entropy change

at the first PT is too large to be accounted for by the
ordering of the NH} ions alone and the possibility of
simultaneous orientational ordering of the Sch+ sub-
lattice occurring in this transition was suggested. The

present work is aimed at establishing the part played by
the molecular ions in the mechanism of this transition.

Fig. 1. Structure of the cubic phase of (NH4)3ScFs.
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2. EXPERIMENT

The compound was prepared by reacting equivalent
amounts of NH,F with Sc,05in HF (10%). Faceted sin-
gle crystals were grown through slow controlled evap-
oration of aneutral saturated aqueous solution at 305 K
over 8 months. The crystalswere thin rectangular plates
with well-devel oped faces (typically measuring 5 x 5 x
0.5 mm); they did not contain defects or inclusionsvis-
ible under amicroscope and were used in spectral mea-
surementswithout any additional processing. The spec-
tra were obtained on Jobin Ivon U-1000 and T-64000
Raman spectrometers with CCD detector arrays and a
set of microattachments. In the latter spectrometer, the
high—frequency spectra of the broad bands of internal
ion vibrations were measured in a single-monochroma:
tor arrangement, while in the region below 1000 cm ™,
triple-monochromator arrangement with dispersion
subtraction was employed to suppress the elastic-scat-
tering wing as much as possible; the low-frequency cut-
off was at 8 cm™. The spectral dit width was varied
from 5 cm (at high frequencies) to 1 cmr™, the spectral
range of the CCD array cell used in the triple mono-
chromator arrangement was 650/1024 cm™, and the
signal accumulation time was up to 600 s. The excita-
tion was provided by polarized 514.5-nm radiation
from a 200-mW Ar* laser. The phase transition occur-
ring a T, = 330 K is essentially first-order, and it is
accompanied by considerable spontaneous sample
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Fig. 2. Spectra of internal ammonium ion vibrations of the
(NH_,)3ScFg crystal.
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deformation; in this connection, special measures were
taken to preclude local heating and defect formation at
the laser focal point. The sample temperature deter-
mined during spectral measurements was stabilized to
within 0.2 K.

3. RESULTS AND DISCUSSION

Because of the earlier conjecture of the ammonium
sublattice being possibly involved in the mechanism of
the phase transition under study, we first studied the
high-frequency part of the Raman spectrum (1200-
4500 cm™), which includes the internal vibrations of
these ions. Figure 2 shows the evol ution of these spec-
tra with temperature. We readily see that the spectra
vary very littlein thisregion; there are no sharp changes
in the region of the (first-order) phase transition, and
the background, which is apparently associated with
the increasing contribution of the well-known strong
anharmonicity of the NH, ion vibrations, grows
steadily. Thelarge linewidths, particularly in the 2800
3500 cm* interval (of the order of hundreds of wave-
numbers), which corresponds to the internal valence
vibrations of this ion [4], may originate both from
strong anharmonicity and from orientational disorder
on the ammonium subl attices. The considerable anhar-
monicity of these modes is also indicated by the inten-
sities of the broad, double-phonon bands near 2500 and
3700 cmL, which grow with temperature.
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Fig. 3. Transformation of the low-frequency part of the
(NH,4)3ScFg spectra with temperature. For comparison, a

spectrum of the isomorphous cubic phase of Rb,KScFg is
shown.
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Fig. 4. Temperature dependences of the frequencies and line half-widths (shown by vertical lines) of (a)—(c) the internal ScFgion

vibrations and (d) the ammonium subl attice phonon vibration.

The second spectral region studied by us (8-
650 cm™ in Fig. 3) includes internal vibrational modes
of the ScF; molecular ions and lattice vibrations. The
octahedral site symmetry in the cubic phase coincides
with the free-ion symmetry; thus the selection rules
also coincide: the Raman-active free-ion vibration fre-
quenciesarev;(A;g) =498 cm™, v,(Eg) =390 cm?, and
V5(F,y) = 230 cmr? (the frequencies and notation were
taken from [4]). The frequencies obtained for the cubic
phase are 510, 385, and 240 cm (val ues contained for
360 K), which indicates weak distortion of the ions by
the lattice. At the same time, the lines are strongly
broadened. For comparison, Fig. 3 also shows an unpo-
larized room-temperature spectrum of the isomorphous
cubic phase of Rb,K ScFg; onereadily seesthat the half-
widths of the corresponding spectral linesin the crystal
under study are afew times larger.

According to the selection rules for the cubic phase
(see[5] for acomprehensive analysis), its Raman spec-
trum should contain one lattice-phonon line corre-
sponding to the trandational vibration of one of the
ammonium sublattices (with Ty local ion symmetry).
This line can be identified with the weak, strongly
broadened band peaking near 150 cm (360 K). The
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shift of its frequency compared to the spectrum of
Rb,K ScF4 correlates well with the change in the ion
mass. Moreover, one also observes a broad wing of the
central peak, which is evidently associated with the
strong disorder in the cubic-phase structure.

Lowering the temperature down to the transition
point to the monoclinic phase brings about consider-
able changesin this part of the spectrum. The widths of
all lines decrease strongly, which is accompanied by an
increase in their frequency (Fig. 4). A new line, seen
clearly in Fig. 3, appears against the background of the
low-frequency wing.

All these changes occur in a jump, within a 1-2 K
interval, with no further modification of the spectrum
being observed within the region of existence of the
monoclinic phase. This correlates well with the first-
order nature of this phase transition, although no
noticeabl e hysteresis effects were reveal ed.

The strong broadening of the lines corresponding to

the internal vibrations of the Sch+ ions and to the

(NH),I1 sublattice vibration in the cubic phase implies
that they are also disordered. It isapparently the heavier

Sch+ ions that also primarily govern the nature of the
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broad low-frequency wing. The strong narrowing and
the spectral-line shift to a higher frequency support the
conjecture that the transition from the cubic to the mon-
oclinic phase is associated with the ordering processes

while the main ordering structural unit is the ScFy
ions and, therefore, their internal modes are the most

strongly modified. The ordering of the ScFy’ sublattice

makes the potential relief of the structure as a whole
more pronounced, and, as a result, the ammonium
group vibrations are also modified, although to alesser
extent, whereas the interna vibrations of the ammo-
nium ions remain strongly broadened. The extremely
strong broadening of these modes makes it difficult to
determine which of the ammonium sublattices is more
disordered, however, the substantial change in the
parameters of the lattice-phonon line at 150 cm sug-
geststhat the (NH),I1 sublattice playsno lessapart than
the (NH),l sublatticein thistransition. Judging fromthe
appreciable widths of the internal vibrations of both
ammonium sublattices, these sublattices also remain
disordered in the monoclinic phase and their ordering
may turn out to be adominant factor in the mechanisms
of lower temperature phase transitions.
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