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D i elect ri c, dil at ometri c mea sureme nt and p olari zed microscopic ob-
servation were per formed for single crystal of C s2 C dBr 4 . T hese investiga-
tions show ed clearly the phase transition s at 252 K , 236 K and 153 K . T he

j ump- li ke change of the crystal volume corresp onding to the Ùrst- order phase
transition w as found at temp erature of 236 K . Ferro elastic domain structure
w as observed along the a -axis below 236 K and it is preserved b elow the tran-

sition at 153 K . Observ ation along the c -axis revealed new domain structure
b elow 153 K .

PAC S numb ers: 77.80.Bh

1. I n t rod uct io n

Ca esium tetra brom ocadm ate (Cs 2 CdBr 4 ) belongs to Ù -K 2 SO4 fam i ly of crys-
ta ls where num erous phase tra nsiti ons incl udi ng tra nsiti ons to incom mensurate,
ferro electri c, and ferroelastic phaseswere observed. The Cs 2 CdBr 4 crysta l exhi bi ts
successive phase tra nsi ti ons [1{ 10] and the phase tra nsiti ons are supp osed to ap-
pear at 252 K, 236 K, 208 K, 153 K, and 130 K. Nucl ear quadrup ole resonance
(N QR ) measurements [1{ 3] showed only three tra nsiti ons at 252 K, 236 K, and
153 K. In dielectri c m easurem ent [4] phase tra nsi ti on at 208 K was observed. Re-
centl y, the sequence of phase tra nsiti ons in thi s interesti ng crysta l was studi ed
wi th FIR spectroscopic m etho d [11, 12]. The successive phases of the materi al
can be numb ered as I, II, I II, I II 0 , IV, and IV 0 on descending tem perature. The
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phases I, II, I I I, and IV were conÙrmed in various experim ents. The sym m etry
of parti cul ar phases are proposed as: P n a m (I) [3, 4], P P n a m

1 s s
(I I) [3, 4], P 2 1 =n

(I I I) [3, 4] and P 1 (I II 0 ) [4],P 1 (IV) [5] and P 1 (IV 0 ) [6]. Parti cul ar phases in
thi s crysta l are regarded as paraelastic | I (above 252 K), incomm ensurate |
I I (252{ 236 K), ferro elasti c | I II (236{ 208 K), ferroelasti c | I I I0 (below 208 K)
[4]. So far, the character of phases below 156 K and 130 K is unkno wn. T aki ng
into account di screpancies in the sequence of phase tra nsiti ons and a lack of data
about the character of low tem perature phases we decided to perform dielectri c,
di lato metri c m easurements and opti cal polari zed m icroscopic observati on to get
addi ti onal inf orm atio n about the numb er of phase tra nsi ti ons and properti es of
parti cul ar phases.

2. E x per i m en t a l

Good opti cal qual i ty sing le crysta ls of Cs2 CdBr 4 grown from the m elt by
the Czochralski m etho d were used to prepare sam ples for investigati ons. D ielectri c
m easurements were perf orm ed along three crysta l lographi c di recti ons. The sizes
of the used sampl es were 1 È 4 È 4 m m3 . The sampl es wi th the lengths about
7 mm along three crysta l lographi c di recti ons were prepared for crysta l therm al
expansi on m easurem ent. Therm al expansion was inv estigated using quartz capac-
i ta nce di lato meter. Ca pacita nce was m easured usi ng HP 4184 A RLC meter at
the frequency of 1 kHz both f or di electri c and therm al expansion measurement.
The constant ra te of temperature changes was equal to 0.5 K / m in in di electri c
and 0.1 K/ min in di latom etri c m easurements. Both in dielectri c and di lato m etri c
m easurement the rate of tem perature change was su£ cient to obta in repeata ble
resul ts and tem perature di ˜erence in the sam ples less tha n 0.01 K. D ielectri c
and di lato metri c m easurements were done in the tem perature range 300{ 120 K.
Mi cro scopic observati ons were perform ed using polari zed m icroscope along three
crysta l lographi c axes in the tem perature range 300{ 110 K. Mechanical stress was
appl ied to a -4 5 £ cut sam ples.

3. R esul t s

T emperature dependences of dielectri c permi tti vi ty along three crysta l lo-
graphi c axes are shown in Fi g. 1. As can be seen in Fi g. 1, anom alies of perm itti vi ty
are observed clearly at:

i ) 252 K sim i lar as at incomm ensurate tra nsiti on in other crysta ls of Ù -K2 SO4

typ e [13, 14] and 236 K characteri stic of the Ùrst-order phase tra nsiti on along
the c-axi s;

i i ) 236 K smal l jum p- l ike decrease along the a -axi s;

i i i ) 236 K clear jum p- like anom aly along the b -axi s.
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Thus, di electri c m easurements conÙrm ed the phase tra nsiti ons at 252 K and 236 K.
T emperature dependences of relati ve l inear expansion along three crysta l lographic
axes are shown in Fi g. 2.

Fig. 1. Temp erature dependences of electric permittivi ty along three crystallogra phi c

direction s for C s2 C dBr 4 .

Fig. 2. Temp erature dep endences of linear thermal expansion ( Â L =L ): a | along the

a -axis, b | along the b-axis, c | along the c -axis for Cs2 C dBr 4 .

Ano m al ies of relati ve elongati on of the sam ples Â L= L were observed along
three crysta l lographi c di recti ons at 236 K and 153 K. At 236 K a jum p- l ik echanges
of relati ve sam ple lengths along the a -, b- , and c-axi s were observed. The jum p of
relati ve sampl e length observed at thi s temperature along the a -axi s is insi gniÙcant.
At 153 K anom ali esof relati ve sam ple lengths observed along three crysta l lographic
di recti ons are characteri stic of conti nuous phase tra nsiti on. T aki ng into account
the changes of the sampl e lengths we could obta in the relati ve change of crysta l
vo lume as a functi on of tem perature. T emperature dependences of relati ve volume
expansi on Â V = V0 ( V 0 | volum e of the sampl e at 273 K) and volum e expansion
coe£ cient ˜ V as a functi on of tem perature are i l lustra ted in Fi g. 3.
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Fig. 3. T emp erature dependence of relative volume expansio n and linear volume ex-

pansion coe£cient for C s2 CdBr 4 .

Ano m al ies of relati ve vo lum eexpansi on and vo lume expansion coe£ cient are
seen clearly at 236 K and 153 K. The changes of relati ve volum eexpansion at 236 K
is characteri stic of the Ùrst-order phase tra nsiti on and at 153 K for conti nuous one.
At the Ùrst-order phase tra nsiti on (236 K) the jum p of relati ve volume of the sam -
pl es (on cool ing run) is equal to about À 4 : 2 È 1 0 À 5

Ï 0 : 1 È 1 0 À 5 (deta i led change of
Â V =V0 i s presented in the inset of Fi g. 3). The decrease in the volum eat thi s phase
tra nsiti on is in agreement wi th the results of the crysta l investigati on under pres-
sure. The shift of the phase tra nsi ti on to wards hi gher tem peratures wi th increase
in pressure [8] corresp onds well to observed by us decrease in volum e at 236 K.
No anomal ies of therm al expansion observed at 208 K and 130 K is in agreement
wi th our dielectri c measurement. The changes of dim ensions are not observed at
T i in thi s crysta l . Mo st probably the relati ve expansion at thi s tem perature is to o
smal l to be measured wi th our di lato m eter. It is worthy underl ining tha t many

Fig. 4. Domain structure observed in particul ar phases of the Cs2 C dBr 4 : (a) along the

a -axis, (b) along the c -axis.
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preci se m easurem ents of perm itti vi t y and di lata ti on in the vi cini ty of 208 K and
130 K were done and we did not observe any tra ces of pha se tra nsi ti ons at these
tem peratures. Mi croscopic observati on along the a -axi s showed an appearance of
a pha se front at 236 K and, below 236 K, an appearance of ferroelastic dom ain
structure usual ly wi th dom ain wal ls in a plane (010). Occasional ly, f or the Ùrst
ti m e we observed domain wal ls in the plane (001). Two ki nd of dom ain wal ls are
exp ected at the phase tra nsiti on from ortho rho mbic to m onocl inic system as pre-
di cted by Sapri el [15]. Mechanical stress appl ied to the a -4 5 £ cut sam ples caused
easy change of dom ain structure. No changes of dom ain structure was observed
on cool ing down to 110 K and i t m eans tha t dom ain structure is preserved below
the phase tra nsiti on at 153 K and below thi s tem perature the crysta l is sti l l fer-
roelastic. An interesti ng observati on was done along the c -axi s. In some cases we
observed along thi s di recti on an appearance of new domain structure below 153 K.
Thi s observati on supports the phase tra nsiti on at thi s tem perature and i t m ay be
connected wi th tri clini c sym metry of phase IV [5]. The dom ain wa l ls are placed
in the plane (100). These dom ains are rather narrow and wi th poor contra st. The
observed dom ain structure is shown in Fi g. 4a, b.

4. D iscu ssio n an d su m m ar y

T o discuss the numb er of phase tra nsiti ons we shoul d ta ke into account our
resul ts and to look at the di screpancies in the previ ous investi gatio ns. No di electri c
anom aly observed at 208 K in our m easurement is in contra dicti on to the resul ts
by Ma eda et al . [4].

It is wo rthy mentio ning tha t even the change of domain structure pattern
can give unexp ected anomal ies of perm i tti vi ty. No anomali esof therm al expansion
at 208 K is consistent wi th our dielectri c m easurement. Thus, the phase tra nsi ti on
is not conÙrmed at thi s temperature. Observati on of ro ta ti on angle of opti cal
indi catri x by Ma eda et al . [4] showed very smooth tem perature dependence both
in the vi ci ni ty of 208 K and 130 K. These resul ts did not conÙrm any phase
tra nsiti ons at m enti oned temperatures. No tra ces of the phase tra nsiti on at 208 K
and 130 K were observed in NQR [2, 3], ul tra sonic and opti cal bi refri ngence studi es
[8]; these m etho ds are parti cularl y sensiti ve for the changes of crysta l sym m etry .
Far- inf rared spectra [11] did not conÙrm any changeof sym m etry at the tra nsi ti on
from phase I II to I II 0 . Thus, on the ground of li tera ture data and our m easurem ents
three successive tra nsiti ons at 252 K, 236 K, and 153 K and existence of the phase
I, I I, II I, and IV are well docum ented.

One can summari ze the result of the paper as fol lows:

1. Ano m al ies of perm itti vi ty were observed at 252 K, 236 K, and 153 K.

2. Ano m al ies of therm al expansi on were found at 236 K and 153 K.

3. D ielectri c and di lato m etri c m easurement proved the conti nuous phase tra n-
siti ons at 252 K and 153 K and the Ùrst- order phase tra nsi ti on at 236 K.
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4. Ferro elastic dom ain structure wi th dom ain wal ls in (001) and (010) below
236 K were observed along the a -axi s; observati on along the c -axi s revealed
new dom ain structure below 153 K wi th domain wal ls in a pl ane (100).

5. Accordi ng to our dielectri c, di lato metri c studi es, dom ain structure observa-
ti on and some l i tera ture data three successive phase tra nsi ti ons occur in the
Cs2 CdBr 4 crysta l .
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