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Amnorarnisi. B crarrti mpezcrasiieHi pe3ysbTaTH TEOPETHKO-IPYIOBOTO
aHaJI3y Ta CHMYJIANl JUHAMIKA TPATKA MOHOKJIHHOTO KPHUCTAIY
RbD5PO, B Tprox Temmneparypuux asax. [loearyroun meroau Teopil
IPYII 3 aHAJI30M OCOOINBOCTEN KPUCTAITHOI CTPYKTYPHU Y PISHUX CTPYK-
TypHEX da3ax, I0KA3aHO, 0 CUMETPist KPUCTAJLY B HU3BKOTEMIIEPATYD-
uiit ¢daszi nosunna GyTu anenTpuyuHoIo (mpocroposa rpymna P2p). Ilpu
POMY KPUCTAJI IOBUHEH BUSBJISITA AHTUCETHETOEJEKTPUIHI BJIACTABOC-
Ti B HU3BKOTKMITEpATYPHiil ¢da3i, a He cerHeTieJIleKTPUYHI, SIK PO IIe
TOBiTOMJIsITIOCH paminte. MojieToBaHHs UHAMIKY T'PATKU IIPOBEJIEHO B
KBa3i-(heHOMEHOJIOTITHOMY HAOJIMKEHH], sIKe BPaxXoBY€ KYJIOHIBCHKi, KO-
POTKOCSI’KHI, KOBaJI€HTHi, BaH-Aep-Baa bCciBChbKi B3aeMOJIil Ta B3a€MOI1
THUIIy BOJHEBOTO 3B’sI3Ka

On the issue of superstructure phase transitions in monoclinic
RbD3;PO, crystal

Ya. Shchur

Abstract. The paper presents the results of group-theory analysis and
lattice dynamics simulation in three temperature phases of the mono-
clinic RbDaPOy4. Combining the methods of group theory with the anal-
ysis of crystal structure peculiarities in different structural phases, it is
shown that the lowest temperature phase should reveal a strict antifer-
roelectric state with P2; symmetry rather than the ferrielectric state
reported repeatedly. Lattice dynamics simulation was performed in the
quasi-phenomenological approach comprising the Coulomb, short range,
covalent, van der Waals and hydrogen bonded interactions.

ITomaerbca B Journal of Physics: Condensed Matter
Submitted to Journal of Physics: Condensed Matter

© Iucruryr disukn kougencoBanux cucrem 2007
Institute for Condensed Matter Physics 2007

ICMP-07-12E 1

1. Introduction

RbD2PO4 (DRDP) crystal belongs to the well-known family of KDP
type crystals. At an ambient pressure, DRDP undergoes two struc-
tural phase transitions with the decreasing temperature at T1= 377 and
T2=317 K [1,2]. The high temperature phase transition P2;/m (Z=2;
ag, by, co) — P21/c (Z=4; ag, by, 2¢o) does not change the point group
symmetry (2/m) and is accompanied by the appearance of superstruc-
ture along the ¢ crystallographic axis [3]. Both the high (phase I) and
the intermediate (phase II) temperature phases demonstrate no polar
properties. The low temperature phase transition has been subject of
much debate. It was established that there was a unit cell multiplication
along the a axis below Tq (Z=8; 2ag, by, 2¢o) [2]. However, there was
reported a contradictory information concerning the symmetry of the
lowest temperature phase (phase IIT). X-ray diffraction data enabled the
authors of paper [4] to refine the symmetry of the phase III as acentric
P24, whereas the relatively fresh neutron scattering investigation [5] sug-
gested the centric P21 /n space group for this phase. Recently P2; space
group was refined again for the phase III by means of X-ray diffrac-
tion [6]. The detailed Raman scattering study of DRDP at the II-III
phase transition 7] manifested a good consistency of spectroscopic data
with the centric 2/m symmetry of phase III. The number of observed
NMR lines at the temperature Ty — 4K was only half of that expected
for the acentric P2; space group [8], thus indicating the centric type of
crystal structure as well.

The polar nature of the lowest temperature phase III is also rather
contradictory. Double hysteresis loops characteristic of the antiferroelec-
tric state was detected below Ty point [2] in DRDP, whereas the triple
hysteresis loops inherent in ferrielectric state was observed for a mixed
Rbg.7Co.3D2PO4 compound [2] in phase III. Based on the dielectric and
pyroelectric measurements, the authors of paper [10] were unable to
determine whether the phase III was ferrielectric or antiferroelectric.
Intensive dielectric [11-17], structural [18,19], spectroscopic [20], reso-
nance [21], acoustic [22,23] and dilatometric [24] studies did not shed
more light on the physical nature of the lowest temperature phase. More-
over, as was found in [13] the spontaneous polarization does not appear
at T2 but at T2 — 6K. It enabled the authors of paper [13] to suggest the
existence of the fourth phase. According to this suggestion, the strictly
antiferroelectric centric phase may exist within the narrow temperature
range (between T and To — 6K), whereas the acentric phase may ap-
pear below Ty — 6K. However, this assumption concerning the fourth
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structural phase of DRDP has not yet been directly corroborated by the
investigations of other type.

In order to review the problem of reliability of phase transitions in
DRDP we have performed a symmetry consideration of the lattice trans-
formations and lattice dynamics simulation in three temperature phases.
The investigation of lattice dynamics peculiarities of DRDP may provide
a very interesting information since the superstructure phase transitions
are associated apparently with the soft mode condensation at the Bril-
louin zone (BZ) boundary in the k = /> b3 (phase I — phase IT) and k
= 1/ by (phase II — phase III) points. Semi-phenomenological atomistic
potential comprising the Coulomb, short-range, covalent, van der Waals
and hydrogen-bonded interactions was utilized for simulation in present

paper.

2. Crystal structure and group-theory treatment

The peculiar crystallographic feature of DRDP, such as CsD9POy
(DCDP) crystal, is the presence of two kinds of hydrogen bonds. Ow-
ing to the various kinds of experiments [5,8] it is well established that
the D; deuterons are ordered near the particular oxygen atoms on the
01-D;...05 hydrogen bonds in all temperature phases, whereas the
D, deuterons are disordered between the two possible sites on the Os-
Ds...04 bonds in the phases I and II and become ordered in the phase
III. Note that the Dy deuterons being still disordered on the hydrogen
bonds in phase II, become distinguished into the two kinds, D5 and Dg
ones, which are chemically and physically nonequivalent [3]. Contrary
to the DCDP case, there is no large difference of the length between
the ¢ axis directed O1-Ds...02 and b - axis running O3-Da(D3)... 0y
hydrogen bonds.

Let us investigate the reliability of various space groups G of differ-
ent temperature phases in DRDP using the methods of group theory.
According to the Birman-Worlock statement [25] the irreducible repre-
sentation responsible for the phase transition G°¢ — G™* from the
“o0ld” to the “new” space group should satisfy the following condition

1
1 Z X7 (g"") = positive integer, (2.1)

n
greweGnew /Tnew

where n is the order of the factor group G/T, Xfﬂ(g) is the character
of symmetry element g (9={h|a}, « is the non-primitive translation
associated with the point symmetry operation h) of j- th irreducible
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representation in the k point of BZ. There is the following relation be-
tween x7,(g"¢") and x7,(g°'?) for the case of one-vector k-star (this case
is relevant to both phase transitions in DRDP):

Xk(9") = expl—ik(to(h) + a” )i (97'), (2.2)

where to(h) = o™ (h)—a"?(h) + s - hs is the displacement vector and s
is a vector between the origin O’ of G™** and O of G°? [25]. Note, " is
written in terms of the basic translation vectors {a, b, ¢} of “old” phase.
Therefore, to+a®? = 1/5b+4c for the point symmetry operations 2 and
m of P21 /c group and to+a°'? = a+1kb+1/c for the same symmetry
operations 2 and m of P2;/n group. Hence, the multiplication factor
exp[—ik(to(h) + a°'4)]=-1 in (2.2) for the operations 2 and m of both
P2i/c (k= 1/2 b3) and P21/n (k= /2 by) groups. Using the irreducible
representations of P2;/m (k = /2 b3), P21/c (k = 1/ by) and P2;/n
(k = 0) groups in corresponding points of BZ (see table 1), and the
relations (2.1) and (2.2) we come to the conclusion that the same B,
irreducible representation is responsible for both P2;/m — P2;/c¢ and
P2y /c — P2y /n phase transition.

Choosing the origin O’ of G"*" = P2;/c in the point (0, 0, 1/4),
one may show that the A, representation may also be responsible for
the P2;/m — P21/c phase transition. The conclusion concerning the
activity of A, (Bj ) soft mode at the I-IT phase transition was drawn
in ref. [19]. However, the activity of A, polar mode at P2;/m — P2;/c
transition should induce the polar (antiferroelectric) phase, which con-
tradicts the experimental observation [1,13,16]. On the contrary, the
statement regarding the activity of B, representation adequately de-
scribes the physical nature of phase II and the structural changes oc-
curred at the I —II phase transition. Since normal modes transforming in
P2 /m phase according to By symmetry are not dipole active, the soft-
ening of B, phonon at the BZ boundary in k = 1/2 bgpoint induces the
non-polar P2;/c structure in the phase II with unit cell doubled along
the c axis. The analysis of experimentally observed changes between the
P2, /m [18] and P21 /c [3] structures shows that they agree well with the
B, eigenvectors, assuming their antiparallel type in the neighboring sub-
lattices of P21 /c phase. Moreover, among the eigenvectors of By type in
P27 /m phase there is no eigenvector corresponding to the vibrations of
D5 deuterons tunneling on the O3-Ds. .. O4 hydrogen bonds. This means
that the softening of B, phonon mode should not change the type of Dy
deuteron distribution, which corresponds to the experimental observa-
tion in phase II [3]. Note that the eigenvectors of A, type contain the
components of displacements of Dy deuterons.
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Table 1. The irreducible multiplier representations of P21 /m (in the BZ
points k = 0, k = 1/5 b3), P21/c (k = 1/ by) and P2, /n (k = 0) space
groups.
P2y/m | {E|0} | {2[/2 b} {ml'/2 b } {]o}
P2jc | {E0} | {21/sb+15c} {ml\ab-+ac} {110}
P2i/n | {E|0} | {2['a+1/bt e} | {m['patlfobt 1o} | {I]0}
1 1 1 1

Q

1 -1 -1 1
1 1 -1 -1
1 -1 1 -1

LSS

S

However, the P2;/c — P2;/n symmetry transformation induced by
the softening of B, normal mode in the k = 13 by point contradicts
both the antiferroelectric and the ferrielctric type of phase III. First of
all, the eventual By soft mode does not evoke the Dy (D3) deuteron
ordering in the lowest temperature phase III, because no Dy (D3) eigen-
vector is transforming according to the B, irreducible representation in
P21 /c phase (the P2 /¢ symmetry of phase II has not been prejudiced
in all structural works available [3,5]). Secondly, the analysis of the ex-
perimental crystal structure changes appearing at the phase II — phase
III phase transition [3,5] (assuming the multiplication of unit cell along
a axis) manifests no correlation with the B, eigenvectors of P21 /c space
group. This means that neither P2;/n nor other centric space group may
correspond to the symmetry of phase III of DRDP crystal. Therefore,
the symmetry of phase III may be only acentric. Regarding the struc-
tural analysis data [3-6], one may conclude that the P2; group reliably
describes the structure of phase III.

There are two scenarios for the realization of P2;/¢c — P2; phase
transition. The first was earlier suggested on the basis of phenomenolog-
ical approach [26] and consists in the simultaneous condensation of two
phonon modes of By and B, symmetry at the BZ boundary in k = 1/
b, point. This scenario leads to the ferrielectric ordering of heavy Rb,
P, and O atoms and to the uncompensated homogeneous polarization
appearing in phase III. According to the B, symmetry eigenvectors for
D5 and D3 deuterons, softenning of B, mode evokes the static shift of
D, and D3 atoms along the b - axis (in phase III) in such a way that
the neighbouring b-chains of deuterons become oppositely directed along
both a — and ¢- axis (antiparallel order, see figure 1(a)). Another even-
tual scenario of P27 /¢ — P2; phase transition is the condensation of A,
phonon mode in k = 1/ by point. In this case, the strict antiferroelectric
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state will appear in phase III. The softenning of the A, phonon mode
leads to the parallel order of b-chains of deuterons along the c-axis and to
the antiparallel order along the a-axis (see figure 1(b)). The last type of
deuteron order in phase III agrees well with the deuteron arrangement

b

°fu//u|
| |

Figure 1. Schematic sketch of the deuteron ordering along the b — axis
running deuteron chains in low temperature P2; phase induced by the
eventual softenning of B, (a) and A, (b) mode at the BZ boundary in
k = 1/ by point.

observed experimentally by neutron diffraction [5]. From this point of
view, the reliability of the single A, soft mode condensation seems high-
er than the two B, and B, mode softening. That means that the phase
IIT should reveal a strict antiferroelectric order with the P2; symmetry,
rather than the ferrielectric state reported repeatedly [1,2,13,14].

3. Model of lattice dynamics

Lattice dynamics simulation of DRDP was performed in quasi-harmonic
approximation utilizing the interatomic potential similar to the one used
for lattice dynamics modeling of CDP and DCDP crystals [27,28]

2 /
S(rpw) = e_w+5aexp _
47T€0 Tkk!

brkk,
) + R(k/)) + G

2
n (Tkkr — T05) w
+ Dy; exp (——7 — %>
2 Tkk’ Tkk’

The first term in (3.2) corresponds to Coulomb, the second to short-
range Born-Mayer type, the third to covalent and the forth to van der
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Waals contributions. Z (k) and R (k) are the effective radius and charge,
respectively, of the k-th kind of atom. a = 1822 eV and b = 12.364 are
constants and 7y is the distance between the atoms of k and k' type.
S, Dj, n;, ro; and w are adjustable parameters. The third term in (3)
was also used for the simulation of oxygen-deuterium interactions within
hydrogen bonds.

We used the same values of model parameters both in high temper-
ature P2;/m and in intermediate P2;/c phase of DRDP. These values
were the same as those utilized for lattice dynamics simulation of DCDP
in paraelectric phase [27,28] with an exception of R(Rb) and those asso-
ciated with hydrogen bond length (rg2,r03 and rg4). This seems obvious
due to the difference length of hydrogen bonds in DCDP and DRDP.
Finally, we came to the following parameters

Z(Rb) = 0.978; Z(P) = 1.94; Z(01) =-1.14; Z (O3) = -0.91; Z (O3)
=7 (04) =-0.984; Z (D) = 0.55;

R(Rb) = 2.278 A; R(O;) = 1.436 A; R(O5) =1.166 A; R (O3) =
R(O4) = 1.378 A;

POy groups: ro1 = 1.616 A; Dy = 24.345 €V; n1= 3.2 A‘l;
hydrogen bonds: Dy = 11.69 €V; no= 1.93 A‘l; ro2 = 1.384 A (for O3-Do
and O4-D3); ro3 — 1.608 A (fOI’ OQ—Dl); Toga — 0.993 A (fOI’ Ol—Dl);

w=59.0 ¢V A% and S = 1.985 only for simulation of the O-O interac-
tions within the same PO, units while S = 1 for interactions of all other
kinds of atoms.

Since above the Ty phase transition point, the Do and D3 deuterons
are in the tunnel motion between two possible sites on the Ogs-
D3(D3)...04 hydrogen bonds we treated them to be located at the
middle of hydrogen bonds. This condition is indispensable for preserv-
ing both the P2;/m and P2;/c centric macroscopic symmetry. There-
fore, modelling the O3-Ds and O4-D3 interactions in the phases I and
IT we used the single rgo parameter instead of two rg3 and rg4 param-
eters utilized for the simulation of the O2-D; and O;-D; bondings, re-
spectively. Due to the deuteron ordering on the shorter hydrogen bonds
0O3-D2(D3)... 04 at the phase transition into the low-temperature P2;
phase there appears a charge redistribution around the oxygen atoms.
This caused the need to modify some potential parameters in phase III
to the following values:

Z (03) = -1.058; Z (O4) = -0.910; R (O3) = 1.466 A; R (O4) =
1.166 A

o2 = 1.608 A (for O4-Dy); 795 = 1.24 A (for O3-Dy)

Lattice dynamics simulation was done using the experimental crystal
structure detected in phases I [18], IT [3] and III [5], which had been
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relaxed to satisfy the lattice stability conditions. Note that the crystal
structure of DRDP in phase III was refined in Ref. [5] as P2;/n and does
not match our conclusion regarding the P2, symmetry of this phase, ob-
tained herein above by means of group theory analysis. However, we
utilized the results of Ref. [5] since only this work presents the coordi-
nates of deuterium atoms and, as was stated in [5], the coordinates of
heavy atoms refined within P2;/n symmetry agree well with those ob-
tained earlier by means of the X-ray technique [7] and attributed to the
P24 structure.

4. Results of simulation and Discussion

The comparison between the phonon frequencies calculated in BZ centre
and the experimental ones taken from spectroscopic data in two P2;/m
and P2;/c phases was presented in our preliminary report [29]. In gen-
eral there is a quite reasonable agreement between the theory and ex-
periment. The overall disagreement between the calculated phonon fre-
quencies and those measured experimentally amounts to 7.8, 8.6, and
4.8 % for the modes of A,, B, and A, symmetry, respectively, in P2;/m
phase (T=403 K) and 6.3, 6.1, and 1.1% for phonon modes of the same
Ag, By and A, species, respectively, in P2;/c phase (T=332 K). The
average disagreement between the experiment [7,20] and the simulation
for phonon frequencies of A symmetry calculated in low temperature
phase P2; (room temperature) is 3.9%. The comparison of the calculat-
ed modes of B, (P2;/m and P2;/c phases) symmetry and the modes
of B type (P2; phase) with experiment was not performed due to the
inappropriate experimental method used in determining the mode pa-
rameters vibrating in the monoclinic (a, ¢) plane [7].

The low-frequency dispersion relations of phonon modes of Ay sym-
metry simulated along the bz direction of BZ in P2;/m phase (T=403
K) are depicted in figure 2(a). Note that our simulation was performed in
the quasi-harmonic approximation assuming the non-interacting normal
phonon modes. However, accepting the possibility of mode interaction
one may suggest a crossing between the Ay acoustic and the lowest Ag
optic phonon branch at the point near k =~ 0.32 bz and the other crossing
between two lowest optic modes near k = 0.02 bs point. The eventual
phonon mode interaction results in the clearly visible repulsion of these
branches. If so, the lowest Ay optic phonon branch reaches its smallest
value at the /> b3 point of BZ. Since the current simulation was per-
formed at the temperature higher by 22 K than the phase transition
point, one may expect that due to the non-linear phonon interaction
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the lowest As optic phonon branch may soften at the BZ boundary at

60 T T T T T T T T
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g c
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00 01 02 03 04 05 00 01 02 03 04 05
b b

Figure 2. Low frequency part of phonon spectrum simulated in high
temperature P21 /m (a) and intermediate temperature P2;/c (b) phase
along the b3 and b, axis of BZ, respectively. The dotted lines in figure
2 (a) indicate the eventual intersection of phonon branches (are drawn
by eye).

lower temperature inducing the superstructure phase transition. Note
that phonon modes transforming according to the As symmetry in the
(b1, bs) plane (wave vector k =p1b1 + psbs, 0 < pgpus < 1/2 ) are
compatible with the B, and A, irreducible representations both at k
= 0 and k =1/» b3 point. Hence, the P2;/m — P2;/c phase transition
may be the result of multiphonon interaction of B, and A, modes. The
simulation approach used herein cannot indicate the symmetry of soft
phonon mode. However, as follows from the group-theory consideration
presented above, the B, representation should be responsible for this
phase transition.

The low-frequency part of phonon spectrum in the intermediate
P2, /c phase along by axis is presented in figure 2(b). These dispersion
relations are of special interest since the superstructure P21/c — P24
phase transition is eventually induced by the soft phonon mode conden-
sation at the BZ boundary in /2 b; point. As seen in this figure, the
lowest acoustic phonon branch (B, symmetry at BZ centre) has an ex-
tremely small slope and reaches only 7 cm~! at the BZ boundary (1/2 b;
point). At first glance, this finding should speak in favour of the two B,
and B, soft mode scenario for low temperature phase transition. How-
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ever, this anomalous dispersion of the lowest acoustic branch along b
axis may be the result of the non-linear interaction not only with B,
optic mode but also with the mode of other symmetry (i.e. A, mode).
Basing solely upon the presented simulation, we cannot establish the
symmetry of the soft phonon branch which evokes the P2;/¢ — P2;
phase transition. One could generally say that the lattice is unstable
along a direction. However, there are two reasons for such an instabil-
ity. Firstly, similarly to the case of high temperature phase transition
(P21/m — P21 /c), the lower phase transition may be the result of mul-
tiphonon interaction too. In this case the phase transormation may be
treated as a displacive-type transition. Secondly, the deuteron order-
ing along the b-axis directed hydrogen bonds below the Ty point may
evoke the softening of some phonon mode of the heavy ions. This mixed
order-disorder and displacive type of phase transition was traditional-
ly suggested for KHoPOy crystals [30,31], and seems to have found the
confirmation in KDP through the first principal calculation [32].

In order to check the validity of this mechanism to the superstructure
phase transitions in DRDP crystal we have computed the partial densi-
ty of phonon states (PDOS) within the 1/4 of irreducible BZ. Note that
PDOS is associated with the vibrations of the certain kind of atoms. Let
us inspect the medium-frequency part (500 — 800 cm™!) of PDOS spec-
trum of oxygen and deuterium atoms involved in the short O3-Ds... Oy
hydrogen bonds, since this spectral range contains the vibrations of the
both types of atoms. Figure 3 presents the corresponding frequency range
of PDOS calculated in three phases. As seen in this figure, there is a
narrow but distinct frequency gap (~40 cm~!) between the oxygen and
deuterium vibrations in the high temperature phase I. O3 and O, atoms
vibrate with the same frequencies because they are symmetrically con-
nected through the mirror plane. There is generally the similar picture
in the intermediate phase II. Although the energy gap between oxygen
and deuterium vibrations becomes smaller (~30 cm™1!), there is practi-
cally no visible mixing between the vibrations of two kinds of atoms. It
is worth noting that the physical and chemical nonequivalence of Dy and
D3 deuteriums located on the short hydrogen bonds in P2; /¢ phase has a
clear manifestation in the PDOS spectra. Vibrations of D3 atoms placed
near 590-760 cm~! are mainly polarized in the (y, 2) plane, whereas the
vibrations of Dy, atoms demonstrate no significant space anisotropy in
this frequency range. The similar feature is relevant to the highest fre-
quency deuteron vibrations. The phonon modes located near 2025 cm ™!
are formed mainly due to the D5 vibrations polarized almost uniform-
ly along three z, y, and z directions, while the strong phonon modes
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Figure 3. Intermediate frequency part of PDOS spectra corresponding
to Oz, O4 and D2 atoms in three P2;/m (a), P2;/c (b) and P2; (c)
temperature phases. Notation x, y, z corresponds to the Cartesian system
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centered around 2002 cm™! originate from the D3 vibrations in (z, z)
plane. However, the situation is changed in low-temperature P2; phase.
The range of 625 — 665 cm ™! corresponds to the vibrations of both Dy
and O3 atoms in (z, y) plane and the region of 705 - 730 cm ™! contains
the z-polarized vibrations of O3z atoms and almost space isotropic vibra-
tions of Dy. This should clearly manifest the coupled deuteron-phonon
vibrations in the ordered phase III. However, assuming that the PDOS
spectra in the intermediate phase II were calculated at the temperature
higher by 22 K than the phase II - phase III transition point, one may
suppose that approaching the temperature of lower phase transition, the
coupling of deuteron and oxygen vibrations should play an increasingly
important role in the mechanism of phase transition.

The computed density of states was used in order to evaluate the
specific heat at constant volume Cy of DRDP (see figure 4). Since the
DOS function g(w) was calculated at the three certain temperatures

200

150

100+

C, (3/(mol K))

504

0 100 200 300 400 500
T(K)

Figure 4. Temperature dependence of the simulated Cy specific heat of
DRDP crystal. The data for DCDP are taken from ref. [27].

in three phases, respectively, the temperature evolution of Cy (T) was
extended in each phase through the following relationship:
* hw hw
Cv(T) = 3Nak ——)?esc? (5 dw. 4.1
V(D) =Nk [ G e ()t (@)

It is rather surprising that there is no visible jump in Cy(T) near
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Ts phase transition temperature, especially taking into account that the
Cy(T) dependency was computed based on the two different crystal
structures with the different number of molecules in an unit cell (Z=4
and 8 in phases II and III, respectively). This should argue in favour of
the reliability of the model lattice dynamics approach used in the current
work. Since there is no experimental data concerning the heat capacity
of monoclinic DRDP, in figure 4 we present the calculated Cy (T) de-
pendence for the monoclinic DCDP crystal [27]. As seen in this figure,
the isomorphous Rb — Cs substitution slightly influences on the thermo-
dynamic properties of these compounds.

5. Conclusions

The paper presents the results of the group theory consideration of a con-
troversial question concerning the mechanism of phase transitions and
the physical nature of the low-temperature phase of monoclinic DRDP.
Using of the standard group theory approach it was established that
the By irreducible representation is responsible for the P2;/m — P2;/c
phase transition. Taking into consideration the type of deuteron order
within the b-axis directed deuteron chains observed experimentally in
the ordered phase III [5], one may assert that the low temperature phase
should reveal strict antiferroelectric properties rather than the ferrielec-
tric state. In this case the A, irreducible representation is responsible
for P2;/c — P2; phase transition.

The lattice dynamics simulation performed whithin the framework
of semi-phenomenological approach reveals the peculiarities of phonon
spectrum along the bs axis of BZ in the high temperature P2, /m phase.
Assuming the possibility of interaction of phonon branches, one may
state that the lowest As optic phonon branch has the minimum at the
BZ boundary along bs axis, which might evoke the phase transition
accompanied by the unit cell multiplication along the ¢ axis.

The phonon spectrum calculated in P2;/c phase demonstrates the
instability of acoustic branch (B, symmetry at the BZ center) along the
b, axis. We lack the undoubted evidence that the phonon branch having
the A, symmetry at the BZ boundary is active. Probably, the real picture
of the low temperature phase transition is more complicated and cannot
be properly described within the simple quasi-harmonic approximation
allowing no interaction of phonon branches. One may only suppose that
the anomalous dispersion of the acoustic branch may be the result of
multiphonon interaction with the active phonon or pseudospin mode.

ICMP-07-12E 13

References

1. Y. Makita , M. Sumita, T. Osaka, and S. Suzuki, Ferroelectrics 39,
1017 (1981).

2. M. Sumita, T. Osaka, and Y. Makita, J. Phys. Soc. Jpn. 50, 154
(1981).

3. T. Hagiwara, K. Itoh, E. Nakamura, M. Komukae, and Y. Makita,
Acta Cryst. C40, 718 (1984).

4. S. Suzuki, K. Arai, M. Sumita, and Y. Makita Y, J. Phys. Soc. Jpn.
52, 2394 (1983).

5. S. Mattauch,Untersuchung der strukturellen Phasenubergange und
Domanenbildung in der ferroischen Modellsubstanzen RbH;PO,
und RbDyPOy, PhD thesis, Technischen Hochschule Aachen (2002)
http://darwin.bth.rwth-aachen.de/opus/volltexte /2003/545/.

6. W. Bronowska, Materials Science-Poland 24, 229 (2006)
http://www.materialsscience.pwr.wroc.pl/.

7. B. Marchon, A. Novak, R. Blinc, J. Raman spectrosc. 18, 447 (1987).

8. O. Jarh, J. Dolinsek, B. Topic, B. Zeks, R. Blinc, V. H. Schmidt,
L. A. Shuvalov, and A. I. Baranov, Phys. Rev. B 39, 2004 (1989).

9. M. Sumita, T. Osaka, and Y. Makita, J. Phys. Soc. Jpn 53, 2784
(1984).

10. H. Pykacz, Z. Czapla, and J. Mroz, Acta Physica Pol A66 639
(1984).

11. K. Gesi, K. Ozawa, T. Osaka, and Y. Makita, J. Phys. Soc. Jpn. 52,
2538 (1983).

12. M. Komukae, and Y. Makita, J. Phys. Soc. Jpn. 54, 4359 (1985).

13. A. I. Baranov, V. A. Sandler, L. A. Shuvalov, and R. M. Fedosyuk,
Ferroelectrics Letters 5, 119 (1986).

14. A. 1. Baranov, R. M. Fedosyuk, N. R. Ivanov, V. A. Sandler, L. A.
Shuvalov, J. Grigas, and R. Mizeris, Ferroelectrics 72, 59 (1987).

15. R. R. Levitskii, I. R. Zachek, I. V. Kutny, Ya. I. Shchur, J. Grigas,
and R. Mizeris, Ferroelectrics 110, 85 (1990).

16. M. Komukae, K. Kawashima, and T. Osaka, J. Phys. Soc. Jpn. 69,
2076 ( 2000).

17. M. Komukae, K. Kawashima, and T. Osaka, Ferroelectrics 272, 291
(2002).

18. C. Moriyoshi, T. Fujii, K. Itoh, and M. Komukae Ferroelectrics 269,
273 (2002).

19. C. Moriyoshi, T. Fujii, and K. Itoh, Ferroelectrics 285, 75 (2003).

20. Ya. Shchur, V. Dzhala, O. Vlokh, and I. Klymiv, phys.stat.sol.(a)
144, K17 (1994).




14

IIpenpunt

21

22.
23.

24.
25.
26.
27.
28.
29.
30.
31.

32.

. B. Topic, R. Blinc, and L. A. Shuvalov, phys. stat. sol. (a) 85 409
(1984).

E. Yakushkin, Crystallografia 31, 606 (1986).

Z. Hu, C. W. Garland, and J. A. Gonzalo, Ferroelectrics 112, 217
(1990).

O. G. Vlokh, Ya. I. Shchur, I. S. Girnyk, and I. M. Klymiv, Fiz.
Tverd. Tela (Leningrad) 36, 2890 (1994).

B. B. Lavrencic, and T. Shigenari, Solid State Communic. 13, 1329
(1973).

I. V. Kityk, Ya. I. Shchur, L. P. Lutsiv-Shumskii, and O. G. Vlokh,
J. Phys.: Condens. Matter 6, 699 (1994).

Ya. Shchur, Phys. Rev. B 74, 054301 (2006).

Ya. Shchur, phys. stat. sol. (b) 244, 569 (2007).

Ya. Shchur, Phase Transitions 80, 17 (2007).

K. Kobayashi, J. Phys. Soc. Jpn. 24, 497 (1968).

A. Bussmann-Holder, and K. H. Michel, Phys. Rev. Lett. 80, 2173
(1998).

S. Koval, J. Kohanoff, J. Lasave, G. Colizzi, and R. L. Migoni, Phys.
Rev. B 71, 184102 (2005).




CONDENSED MATTER PHYSICS

The journal Condensed Matter Physics is founded in 1993 and
published by Institute for Condensed Matter Physics of the National
Academy of Sciences of Ukraine.

AIMS AND SCOPE: The journal Condensed Matter Physics con-
tains research and review articles in the field of statistical mechanics
and condensed matter theory. The main attention is paid to physics of
solid, liquid and amorphous systems, phase equilibria and phase tran-
sitions, thermal, structural, electric, magnetic and optical properties of
condensed matter. Condensed Matter Physics is published quarterly.

ABSTRACTED/INDEXED IN:
e Chemical Abstract Service, Current Contents/Physical,
Chemical&Earth Sciences

e ISI Science Citation Index-Expanded, ISI Alrting Services

e INSPEC

e Elsevier Bibliographic Databases (EMBASE, EMNursing,
Compendex, GEOBASE, Scopus)

e “Referativnyi Zhurnal”

e “Dzherelo”

EDITOR IN CHIEF: Thor Yukhnovskii

EDITORIAL BOARD: T. Arimitsu, Tsukuba; J.-P. Badiali, Paris;
B. Berche, Nancy; J.—M. Caillol, Orsay; C. von Ferber, Freiburg;
R. Folk, Linz; D. Henderson, Provo; Yu. Holovatch, Lviv; M. Holovko,
Lviv; O. Ivankiv, Lwviv; M. Korynevskii, Lviv; Yu. Kozitsky, Lublin;
M. Kozlovskii, Lviv; H. Krienke, Regensburg; R. Levitskii, Lviv; V. Mo-
rozov, Moscow; 1. Mryglod, Lviv; O. Patsahan (Assistant Editor), Luiv;
N. Plakida, Dubna; G. Ropke, Rostock; Yu. Rudavskii, Lviv; I. Stasyuk
(Associate Editor), Lwiv; M. Tokarchuk, Lwiv; 1. Vakarchuk, Lviv;
M. Vavrukh, Lviv; A. Zagorodny, Kyiv.

CONTACT INFORMATION:

Institute for Condensed Matter Physics

of the National Academy of Sciences of Ukraine

1 Svientsitskii Str., 79011 Lviv, Ukraine

Tel: +380(322)760908; Fax: +380(322)761158

E-mail: cmp@icmp.lviv.ua  http://www.icmp.lviv.ua



