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Cubic-to-tetragonal structural phase transition in Rb;_,Cs,CaF; solid solutions:
Thermal expansion and EPR studies
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The influence of crystal mixing on the structural phase transitions in &sCak; (0<x<1) fluoroper-
ovskite crystals has been studied by thermal expansion and EPR measuremefitsanfd\i#* paramagnetic
probes. A cubic-to-tetragonal phase transition has been detected in crystatsWitl®.1, 0.21, 0.27, and 0.35.

The critical temperature and the tetragonal distortion decreagdraseases. No transition was observed for
x=0.44.This transition shows a weak first-order component inxke) and 0.1 samples, which is progres-
sively smeared out fax>0.1, indicating a spatial distribution of the critical temperature in those crystals with
high ionic substitution rate. In RbCgFanother structural phase transition was observed at 20 K with a thermal
hysteresis between 20 and 40 K. This transition has not been found in any of the mixed crystals.
[S0163-18207)05313-7

INTRODUCTION found that the partial substitution of Rtby K* produces an
increase of both transition temperatures, in agreement with
Structural phase transitio§P7) in cubic fluoroperovs- the results in the KMngfamily. _ o
kites (AMF») are strongly dependent on the stabilizing role  The stability of the cubic perovksite structure in different
of the cations. Different studies have been reported on thBUré and mixed crystals has been discussed by several
SPT’s in mixed fluoroperovskites in which a partial substi—aUthorsl' '~ Simple approaches to this problem allow us to

. . . relate that stability to the radii of the ions present in the
Futlonhof eltzer th? monor\]/alenw) or thel divalent ]EVI) cqt— hcrystals and their concentrations. A rough estimation of the
ions has taken place. The most complete set of studies h@gpic-to-tetragonal transition temperature for different crys-

been performed in mixed crystals based on KMAF al- (3] composition® has been achieved using these ap-
though the rate of substituted cations was less than 30% igroaches. However, the data available up to now correspond
all the cases and less than 10% in most of them. to low rates of substituted cations. Moreover, in the case of
KMnF; shows three SPT’s at 186 K, 88 K, and 8ZRef. = mixed crystals based on RbCafnly the effects of the sub-
4) characterized by the following transformations: stitution of Rb" by a smaller ion(K™), have been studied,
cubic—tetragonal-orthorhombic +orthorhombic 1. All  and the possible influence of this substitution on the nature
of these transitions are related to different rotations of théf the transitions has not been reported. Because of this, it
fluorine octahedra around tH&00) cubic directions. In the SE€MS interesting to extend the studies of SPT's to other

mixed crystals, it has been observed that the transition tenfiX€d crystals based on RbGagind with a bigger range of
Substitution rates.

peratures increase when a bigger divalent cation such as In this baper we present a study of the cubic-to-tetragonal
Ca" is substituted for MA" (Refs. 2 and # and de+crease SPT in RE,SCs(Cang crystals withyesxsl. Linear thermgl
when a smaller ion such as Kfgis substituted for MA™. An - expansion(LTE) has been used to determine the transition
opposite behavior is observed for monovalent cations. In thlﬁemperatures, the presence of the first-order component of
case, the transition temperatures decrease when a bigger igiis transition, and to estimate the critical expong@ntThese
such as Rb is substituted for K (Ref. 1) and increase when g values agree with those obtained by EPR measurements of
a smaller ion such as Nais substituted for K.23 Besides, Ni?" ions in thex=0 andx=0.1 samples. The influence of
changes in the nature of the transitions have been observéde mixture on the distortion of the tetragonaf®Nicenters
in some of the mixed crystals as compared with the purdas also been investigated by EPR.
onesz46 We aim in this work to explore the changes in the critical
In some recent pap€rs Buzareand co-workers have re- temperature of the cubic-to-tetragonal SPT in RbOagon
ported several studies of the SPT’s in;R[K,CaF; crystals substitution of_RB by a bigger cation such as €sin (_)rder
with x<0.2. RbCak has the cubic perovskite structure at to test the validity of the methods proposed to estimate the
room temperaturéRT) and undergoes two structural phasetransmon temperatures in mixed crystals, we have extended
transitionst®!' a cubic to tetragonal one at about 195 K and!h€ range ok values up tox=1. The possible influence of
a tetragonal to orthorhombic one with a thermal hysteresiéhe s_ubstltutlon on the tetragonal _dlstortlon and on the nature
between 40 and 20 K. The crystal structures of the differen?]c this SPT has also been investigated.
phases in RbCafcoincide with those of the cubic, tetrago-
nal, and orthorhombic Il phases in KMgFThe 195 K SPT
has a second-order character with a weak first-order compo- The pure and mixed Rh,CsCaF; crystals (0<x<1))
nent while the low-temperature SPT is first order. It has beelinvestigated in this work have been grown by the Bridgman

EXPERIMENTAL DETAILS
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TABLE I. Analysis of the crystal compositior performed by 4.53 :
atomic emission spectroscopy in the crystal family RiCs CaF;. as2l 1
Nominal 4.51 1
compositong) 0 0.1 02 03 04 05 07 09 1 4.50 | ‘ |
Analyzed Z a0l |
composition) 0 0.1 0.21 027 035 044 067 09 1 © x
4.48 | . 1
4.47 f x 1
technique. A small NiFconcentratior{about 1 mol % in the sasl < |
starting materiajswas added to the mixtures in order to in- . ‘ ‘ ‘
troduce Nf* impurities, which were subsequently trans- 4'450 0.2 0.4 0.6 0.8 1
formed to NP* by x-irradiation at RT. Nickel segregation X

makes its content in the crystals much lower than in the

starting material. It has been checked that neither nickel im- FIG. 1. Cubic lattice parameter of the R _,Cs,CaF; crystals
purities nor radiation-induced defects influence the transitiorat RT as a function oxk.

temperature in pure RbCaRvithin the experimental accu-

racy. Thermal expansion

X-ray diffraction measurements were performed in a Tpe linear thermal expansiaxl (T)/I, has been measured

D-max Rigaku equipment, with a rotating cathode. The dif-gp, Rb_,Cs.CaF; crystals as a function of temperature, both
fractometer works at 45 kV and 80 mA. Thax lines of the cooling down and warming up the sample. The results cor-

Cu cathode were selected with a graphite monochromator. responding to crystals witk<0.44 are shown in Fig. 2. For
Thermal expansion measurements were carried out Using>0 44 no SPT’s were detected. Only in pure Rbgéfe
the strain gauge technique. Two gaugdscromeasurements o its showed thermal hysteregige below
model SK-350, one glued on the sample and a dummy one  Aj| the samples show an almost linear behavior of
glued on a silica disk, were placed in compensating arms qfA|(T)/1,] vs T in the high-temperature region that corre-
a modified Wheastone bridge. The gauge in the sample wagonds to the cubic phase. At a certain temperatheecriti-
along one of thé100 directions of the cubic crystals. Alow g temperaturd,) ranging from 196 K in pure RbCaFo
drift dc amplifier was used to detect the unbalance produceg; k in thex=0.35 crystals, a clear change in the slope of

by the sample thermal expansiohl(T)/lo, with an accu-  the A|(T)/I, vs T curve is observed. The dependenceTpf
racy of 10°. AI(T) is the change of the crystal length be- \yith composition is shown in Fig. 3. It can be seen tfiat

tween RT and the temperatufeand| the initial length(in decreases whex increases. The change in the slope, which
our case the length at RTThe temperature was varied be- goes not appear for=0.44, can be associated with a SPT
tween 300 and 10 K, by using a liquid-helium continuousrom the cubic to the tetragonal phase similar to that reported
flow cryostat. in pure RbCak. As we said above, this transition is second

EPR measurements were taken in a computer-controllegrger with a small first-order component that will produce a
Varian E-112 spectrometer working in théband. Low tem-  jump in AI(T)/I,. This is better observed in the anomaly of

peratures were achieved using a liquid-helium flow cryostatine | TE coefficienta=d[ Al (T)/Io]/dT at T, given in Fig.
Magnetic-field values were measured with a gaussmeter angl \yhere the jump i I (T)/1, gives rise to a sharp peak. The
the signal of diphenylpicrylhydrazyl ag=2.0037 was used sharp peak observed in the=0 andx=0.1 samples turns
to determine the microwave frequency. broader forx>0.1.
The continuous change in the slope of thET)/lovs T
curve atT<T, is due to changes in the tetragonal distortion.
EXPERIMENTAL RESULTS In pure RbCag, it has been found by neutron diffractidn

Crystal compositions

Both RbCak and CsCak crystals have the cubic perov-
skite structure at RT. They form Rb,Cs.Cak; mixed crys-
tals for 0<x<1 with the same RT structure. We only have
found the cubic-to-tetragonal SPT in crystals with hominal
compositions corresponding tovalues up to 0.4. The crys-
tals have been analyzed by atomic emission spectroscopy.
The measured values are given in Table I. From now on,
we will use thex values obtained from this analysis.

X-ray diffraction measurements have also been performed
at RT using powders of all the crystals. The positions of the
diffraction maxima correspond to cubic crystals with a lattice

[2x10'3
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parametera changing continuously between those of the T(K)
pure RbCakand CsCaksamples. Tha values correspond-
ing to different compositions plotted wsare given in Fig. 1. FIG. 2. Linear thermal expansion of the RRCs,CaF; crystals

An approximate linear dependenceafnith x is observed.  with x=0, 0.1, 0.21, 0.27, 0.35, and 0.44.
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FIG. 3. Evolution of the critical temperatufie, with the crystal FIG. 4. Thermal dependence of the LTE coefficient,
composition in Rp_,Cs,Cak;. a=(d/dT)[AI(T)/1], of Rb;_,Cs.CaF; crystals withx=0, 0.1,

0.21, 0.27, and 0.35 at temperatures clos& {o

that the tetragonal domains expand along the direction of threnal hysteresis of about 20 K. It can be seen that this low-

tetragonal axis and are compressed in the perpendiculz%é erature transition does not appear, at least at tempera-
plane. Under these considerations, the thermal dependence.0 P ppear, P

the RbCak curve in Fig. 2 at temperatures lower than 195 Ktures QOwn to 10K, in any of the mlxed_grystals. This can be
" : . associated with a decrease of the transition temperature when
can be related to the contributions from different domain

T ;
(see below. The same explanation can be applied to the b* ions are substituted by Cslt has been observed that

mixed crystals. From the thermal expansion data one ca[hhe low-temperature SPT in RbGAE sample dependent and

obtain the length of the crystiT) as a function of tempera- can d|sappear n _stramed sam é§|_nce more strains are
ture: 1(T)=lo+Al(T). expected in the mixed crystals than in the pure one, it could

A relation between the length of the crystal and the Iatticebe argued that this might also be a reason for the disappear-

arameters can also be established. In the tetragonal hasance of the low-temperature transition in samples wit0.
P ' g P El'owever, in Rp_,K,Cak; crystals this low-temperature

_ transition has been observed withup to 0.2° Thus, we

H(TD=N[mT)+na(m]. @ propose that, as for the cubic to tetragonal SPT, there is also
where N is the number of pseudocubic unit célisn the  a decrease of th€, associated with the tetragonal to ortho-
direction of the strain gaugg100]), c(T) anda(T) are the rhombic SPT when a bigger monovalent cation is substituted
pseudocubic lattice cell parameters, respectively, as a funder a smaller one.
tion of T. They are related to the tetragonal cell parameters With respect to the thermal expansion changes in the two
a(T) andc,(T) by a(T)=a,(T)/v2 andc(T)=c(T)/2. m  SPT's in pure RbCaf~(Fig. 2), it can be seen that when we
andn are the fractions of cells with the elongated axis par-cool the sample down, there is an extra contraction of the
allel and perpendicular, respectively, to the direction of thecrystal at the 195 K SPT while dt~20 K, a large increase

strain gauge. So, it must hold that of the length of the sample comes out. The first contraction is
consistent with the model proposed for the cubic-to-
m+n=1. (2)  tetragonal SPT if, as we have already said, the domain dis-

tribution in our samples is such that the domains with¢he

For a random distribution of domaing)=0.67 and axis perpendicular to the strain gauge predominate in the
m=0.33, and son/m=2. From crystallographic dataof  tetragonal phase. In the low-temperature SPT, the tetragonal
RbCak;, it is known that, close td, the elongation of the phase undergoes a change into an orthorhombic one which is
c axis is about twice the shortening of theaxis. Thus, in  characterized by a tilting of the cubic fluorine octahedra
the case of random distribution of domains, almost no effechround the thre€100 axes with approximately the same
of the SPT on the linear thermal expansion measuremeningle amplitude for the three rotatioHsThis is accompa-
should be expected. However, the results in Fig. 2 show thatied by a compression of the domains alongdrexis of the
the decrease of the crystal length in the tetragonal phase tstragonal phase and an expansion in the plane perpendicular
faster than the linear one observed in the cubic phase. It ca this direction. In our crystals, because of the predomi-
be concluded that we have a preferential orientation of théiance of the domains with the axis perpendicular to the
domains with thee axes perpendicular to the direction of the strain gauge direction, we should get at this transition a dis-
strain gauge. Since we do not know the values of the latticgontinuous increase of the length along the strain gauge di-
parametersa(T) andc(T) in the mixed crystals, the ratio rection when we cool the sample down, in agreement with

n/m cannot be obtained from our measurements. the experimental results.
In pure RbCak, another discontinuous change in the
AI(T)/15 vs T curve is observed at low temperaturgee Electron paramagnetic resonance

Fig. 2). The abrupt anomaly appears at about 20 K when the
sample is cooled down and at 40 K during the warming up.
This discontinuity is associated with the first-order SPT from The EPR spectrum of the “as-grown” Rb,Cs,CaF;

the tetragonal to the orthorhombic phase and shows a thecrystals doped with nickel has been measured at different

Ni2+
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10 : : , Similar results have been obtained for the0.1 sample.
.. In this case, the transition temperature is about 176 K in
*. x=0.1 g x=0 agreement with thermal expansion results. Below this tem-
A perature the Ni" signal has an overall tetragonal symmetry.
e The lines are broader than in the pure crystals, due to the
’ different environments of the Rii ions associated with the
“e substitution of RB by Cs". This substitution gives place to
o small distortions of the tetragonal environment that do not
. produce a resolved splitting of the EPR signal in our spectra,
27 ] but an inhomogeneous broadening. Because of this, there is a
: : large uncertainty in the determination of the SH parameters.
In particular, the small anisotropy of thgetensor in the te-
tragonal phase cannot be established. However, the evolution
of the the signal when the applied magnetic fiBlds rotated
in a {100 plane indicates that the centers have tetragonal
symmetry. A fit of the line positions at different temperatures
ysing the SH(3) consideringg,=g, =g, gives a value of
g=2.32 as well as the thermal dependenceDoshown in
Fig. 5.

. . . : The NP* EPR signal is also sensitive to the tetragonal to
temperatures and for different orientations of the static Magy 1 orhombic SPT. The chandes observed in the spectrum
netic field B. The N?* signal has only been detected in ' 9 P

o B ; . .. below 40 K appear only in the pure crystals at the tempera-
Zaé?rrc))lﬁ; m:g;ggzmt;;g%g;&zrﬁz %efet?] gﬁi?ice'sat?jhg'th tures where the thermal expansion shows abrupt anomalies.
EPR of N?* is very sensitive to crystal field and it has A detailed study of these changes will be reported elsewhere.

linewidths of about 80 mT in pure RbCaBue to internal NI+
stresses and inhomogeneittést can be expected that the - o
distortions due to the mixture of Csand R produce a Ni®" ions are produced in nickel-doped RRCsCaF;

strong broadening of the lines which makes them undetecerystals by hole capture at i during RTx irradiation. The
able forx>0.1. EPR signal of Ni' can only be detected at low temperatures

The thermal dependence of the’?NiEPR signal in pure [below 60 K Refs. 15 and 16We have measured the EPR

RbCaR has been previously reportéti Above the phase spectrum of Ni* ions in Rh_,Cs,CaR; crystals at different
transition, the spectra correspond toNions (S=1) in a  temperatures and for different orientations of the static mag-
cubic octahedral environment. The cubic signal transforms téetic field. The results depend on the crystal composition and
a tetragonal one at the critical temperature. The informatiorihe temperature.

about the SPT comes from the thermal dependence of this When measured at 10 K, the crystals witk0.44 show a
tetragonal signal. The fluorine octahedra surrounding the dicubic NF* signal that is very similar to that in pure
valent cations are elongated in one of #1®0 directions CsCak,*® but with broader lines. This indicates that those
and rotated by an angl¢ around this direction, the rotation Crystals remain in the cubic phase down to 10 K in agree-
being alternated in neighboring octahedra. The tetragondﬂent with the thermal expansion results. The lines are inho-
distortion and the angles are temperature dependent. Differ- mogeneously broadened because of the existence of different
ent domains oriented along each of #1©0 directions are environments of Ni" ions associated with the mixing of
usually observed. The lines positions, for different orienta-Rb" and Cs..

tions of B, can be calculated using the following spin Hamil-  On the other hand, the samples witk'0.44 measured at
tonian (SH): 25 K show a Ni* signal with tetragonal symmetry similar to

that found in pure RbCaf® The lines also show a strong
inhomogeneous broadening that increases witAs a con-
H=ugB(g, Ssin® +g;S,coM) + D[S, — (3)S(S+1)], sequence, there is a large uncertainty in the experimental
() determination of the lines positions. These positions can be
calculated for different orientations & using the SH:
with S=1. Thez axis is along the tetragonal axis of each of

D(GHz)
»

0 .
150 160 170 180 190 200
T(K)

FIG. 5. Thermal dependence of the crystal field paranietéor
tetragonal Ni* centers in Rp_,Cs,CaR; crystals withx=0 and
0.1. Experimental values are represented by full circles. Dashe
lines correspond to the best fit using E8).

the centers an® is the angle between the axis and the H= a9 (SBx+S,By) +9,S,B,]

direction of B. Fitting the calculated lines positions to the 2

experimental ones measured at different temperatures, the n A H4+SIY+ASI

thermal dependence of the SH parameters has been obtained. ;1 ALSLAS)TASL]

The g factors are almost temperature independent inTthe 4

range of measurement while the zero-field splitting param- , K K fe ik

eter D (associated with the cubic-to-tetragonal distortion +k21 (AL Syly) T AIS, 12, ), @)
presents a strong thermal dependence. The values df the

tensor components ag=2.32 andg, =2.30. The thermal where the first term corresponds to the Zeeman interaction
dependence of the zero-field splitting paraméeis shown and the second and third ones to the superhype(ttr)

in Fig. 5. interaction with the surrounding fluorines. In this Hamil-
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4.4 : : : given to this behavior. Borset al! proposed that the round-
x ing of the cubic-to-tetragonal SPT in;K,Rb,MnF; crystals
43+ N . for x=0.06 is due to a distribution of transition temperatures
x because of fluctuations in the Rizoncentration. A similar
4.2r & ] explanation was given by Ratuzsna, Skrzypek and Kapusta
o 41l | in their study of KMn_,Ni,F; and KMn, _,CoF;.° They
: o associated the smearing out of the transition that appears for
4l 5 | x=0.1 with the coexistence of two phasesTat T, .
On the other hand, in an x-ray diffraction study of
3.9} ] KMn,; _,Mg,F,, Cox, Giband, and Cowléyhave found that
it c the disappearance of the first-order character of the transition
3.8 ‘ : : ‘ for x=0.1 is not accompanied by an additional broadening of
0 0.1 0.2 X 0-3 0.4 0.5 the Bragg peaks which should be expected for a smeared out

first-order transition. Thus they have concluded that the tran-

FIG. 6. Principal values of thg tensor for tetragonal Rf  Sition for thisx value is continuous. .
centers in Rp_,Cs.CaR; crystals withx=0, 0.1, 0.21, 0.27, and In our case, the broadening of the LTE coefficient for
0.44.x and[ represent thg, andg, parameters, respectively. ~ X>0.1 (Seg Fig. %'S in favor .o.f a smearing out of the SPT

due to a distribution of transition temperatures.
tonian,S=1/2,1=1/2, thez axis is parallel to the tetragonal _Conceming the thermal evolution of the crystal length

axis of the center and thg, ones are perpendicular to that |(T), the pseudocubic parameteagT) andc(T) given in
tetragonal axis and along the NiF~ bonding directions Ref- 11 for RbCakcan be approximately related to the ro-

(see Ref. 15 tation angle of the fluorine octahed#aby the equations
Since the SHF splitting is only clearly resolved in the pure _ 2

RbCak crystals, the only SH parameters that we have ob- (M =a(T)(1+473),

tained in the mixed crystals are the principal values ofghe a(T)=ay(T)(1— $%6), (5)

tensor. By fitting the line positions calculated with the SH

given in Eq.(4) to the experimental ones, we have obtainedwherea.(T) is the equivalent cubic cell parameter oK T,

the results shown in Fig. 6. The anisotropy of theensor is ~ Which, for temperatures close ., can be approximately

due to the tetragonal distortion associated with the SPT an@btained by extrapolation of the data of the cubic phase.

decreases whenincreases. This indicates that the tetragonal Assuming that these relations can also be applied to

distortion also decreases wherincreases and disappears atmixed crystals and taking into account that for a second-

x=0.44. order transitioh’ ¢=¢|T— T (for temperatures close to
Finally, the NP* EPR spectrum has been measured at 107c) we get

K with B along a(100 cubic direction. We have not found

significant changes with respect to the 20 K spectra in the _ (T —1_ I(_T): M|T—T,|2 (6)

mixed crystals, except for the=0 sample. In this case, a Nag(T) [(T) o

change from a tetragona_l signal to an oryhorhombic ON€ Waghare M is a temperature-independent parameter related
observed. This change is associated with the tetragonal-toz, e gomain distributionl(T) is obtained from thermal
orthorhombic SPT and will be reported in detail elseWhere'expansion measurements, apgT) can be linearly extrapo-

All these results are consistent with those derived from LTEIated from the data in the cubic phase for each of the crystals.
measurements. A plot of 1—1(T)/I(T) is given in Fig. 7 for different
crystal compositions. A good fit to E¢) is achieved foiB
DISCUSSION values close to 0.3 and fdr, values close td, in agree-

. . , . ment with the results obtained with other techniques in
The linear relationship between thevalues derived from RbCaFR 18 The difference in the region of~T, between

atomic emission_specftroscopy and_ the lattice parameter megs - jated and experimental values for the0 andx=0.1
sured by x-ray diffraction agrees vy|th Vegard’s law, which is samplegFig. 7(a)] can be associated with the presence of a
usually assumed to be valid in mixed crystals. small first-order component in the SPT. In the other samples
Concerning the thermal expansion results we see that thesjg )] a tail is observed in the experimental values with
d[AI(T)/1o]/dT vs T curves given in Fig. 4 show a sharp regnect o the calculated curve. This tail can be due to the

peak afT for thex=0 andx=0.1 samples, while the peak is resence of different contributions to the SPT coming from
broader and rounded for>0.1. It is known that the cubic-  raqigns with slightly different transition temperatures.

to-tetragonal SPT in pure RbCais second order, butwitha "y will discuss now the evolution oF, with the crystal

weak first-order component. The sharp peak in the slope qfomhosition(see Fig. 3 The stability of the cubic structure
Al/lo vs T in the x=0 sample can be associated with thatj, A pmE, fluororperovskites can be approximately estimated

first-order component. Since a similar peak appears in thg, . ,gh the so-called Goldschmidt factor, which is defined as
x=0.1 sample, we conclude that the first-order component ig,;;5\vs:

still present in these crystals. However, in the other samples

with biggerx values, the first-order character is not observed.
The same behavior has been found in some of the mixed =)

crystals based on KMnf~° Several explanations have been V2(ry+reg)

FA+re

)
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FIG. 7. 1-1(T)/Na,(T) vs T for Rb;_,Cs,CaF; crystals with
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FIG. 8. Critical temperaturel, as a function of *t for
Rb, _,CsCakF; crystals withx=0, 0.1, 0.21, 0.27, and 0.35. The
dashed line corresponds to an approximate linear fit to our data. The
continuous line is obtained from Ref.(8ee the tejt

wherer 5, Iy , andr g are the ionic radii of the corresponding
ions. In the case of the mixed crystals, RpCs,CaF;, we
can get an estimation ofif we consider that the radius of the
monovalent cation is proportional to the mixture, i.e.,
ra=(1—X)rgptXres.

Working with Rb_,K,CaF; crystals, Buzare and
co-worke? have found that fox values up to 0.2, there is a
linear relationship betweef, and 1t with a slope of about
1.1x10" K. We give in Fig 8 a plot of T, vs 1—t for our
samples. Thea factors have been calculated from the ionic
radii given in Ref. 19 with the same considerations for the
coordination number of F as in Ref. 9. An approximate
linear behavior is found but the slog@.9x10* K) is smaller
than the one obtained in that reference. In Fig. 8 we show the
linear dependence predicted by Buzarel co-workergsolid
line) and our approximate linear behavigdashed ling
However, when this linear behavior is extrapolated to high
values(up to 0.45, we find that the transition temperature
for the x=0.44 samplg1—-t=0.041) should be about 40 K,
while we have not detected the transition even cooling down
to 10 K. This indicates that for higk values, a faster than
linear decrease of ; vs 1-t appears. The same nonlinear
dependence is also seen in fiigvs x curve (Fig. 3).

This type of behavior has been observed in the SPT’s of
other mixed crystalgin particular in K _,Rb,MnF; crystals
that are very similar to ouysand has been explained using
different models. Mitr® has used the model Hamiltonian
formulated by Pytte and Fedérand Gillis and Koelé? to
describe a second-order SPT in mixed crystals whose active
atoms remain unaltered as a result of mixing. This is our
situation because in Rb,Cs CaF,; crystals the active ions in
the SPT are the fluorines.

According to Mitra, a crystal which does not have a SPT
can be represented as having the critical temperafyrei-
ther negative or infinity. If the SPT is due to a zone boundary
mode, as in the cubic to tetragonal transition of RbCas-
sociated with the condensation of & mode, a negative
transition temperature is related to a stronger value of the

(@ x=0 andx=0.1; and(b) x=0.21, 0.27, and 0.35. Solid lines Short-range interaction with respect to the long-range ones.
represent the experimental data and dashed lines show the best Tie transition temperatures in an isomorphous crystal series

using Eq.(6).

where a crystal with a transition temperatdrgis diluted by
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another with a negativ&,, will decrease and will vanish at nal distortion decreases too, and has completely disappeared

a critical concentration. This is the behavior observed in oufor x=0.44. The distortion is related to the order parameter,

mixed crystals. and thus our results would indicate that this order parameter,
Depending on several parameters related to the interacneasured at 25 K decreasesxamcreases. This result is in

tions among the atoms which are active in the SPT and thagreement with Mitra’s calculatioffs for mixed crystals

other atoms in the crystal, Mitra has been able to predict amwith a T. vs x evolution as the one given in Fig. 3.

evolution of T, vs x that looks very similar to ours with a

faster than linear decrease ©f whenx increases. He also CONCLUSIONS

predicts a decrease of the order parameter witthen mea-

sured at the same temperature in all the samples. This is also RBi-xCsCaF; crystals have been successfully grown by

in agreement with our resulisee below However, since the Bridgman technique in the entire rangexofoncentra-

we do not know those interaction parameters, we canndions. They show the cubic perovskite structure at RT. A

make a quantitative calculation of tiie vs x curve. cubic to tetragonal SPT has been observedxe, 0.1,
The B values can also be obtained from the thermal de0-21, 0.27, and 0.35. Crystals with=0.44 remain cubic

pendence of th® parameter in tetragonal i centers. In down to 10 K. Also, a tetragonal—to.—orthorhomb|c SPT at

our case, this can only be performed for tve0 andx=0.1  about 20 K has also been observed in RbCa¥one of the

samples that are the only ones wherdN§pectra were ob- mixed crystals.expgrlences this second SPT, likely because

served. Thd values measured at different temperatures, noff @ decrease in critical temperature.

far from that of the phase transition Fig. 5 can be fitted to the The T, of the cubic-to-tetragonal SPT decreases wken

expression increases. For larg& values, the evolution off ; with x
deviates from the one found by Debaud-Minorel and Bizare
D(T)=Dy|T—Ty|?~. (8)  for small mixing rates.

_ L A weak first-order component has been observed in the

In a previous papéf on the EPR of Ni* in RbCa we  cubic-to-tetragonal SPT in the=0 andx=0.1 samples. In
got ap value of 0.25 taking ;=195 K. LeavingDo, To, and  ¢rystals withx>0.1, a smearing out of the transition is ob-
B as fitting parameters, we have obtain@e=0.29 and  served, which is associated with a spatial distributioT of
T0:1965 K for RbCaEand,BZOSO andT0=l77 K for the in the probes_
x=0.1 sample that are in good agreement with the values The EPR measurements of3Nicenters at 25 K show a
derived from thermal expansion data. The curves calculategecrease in the tetragonality of the signalxasncreases,
with those parameters are given in Fig. 5 by dashed lines. which is related to a diminution of the tetragonal distortion

Finally, we will comment on the results of the EPR mea-in the crystal. According to Mitra’s calculatiofsthis is in
surements of Ni" ions. A first conclusion is that all the agreement with the evolution df, with x.

samples withx<<0.44 undergo a transition to a tetragonal

phase similar to that in the pure RbGadfystals. The differ- ACKNOWLEDGMENT
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