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Abstract

The vibrational study of polycrystalline potassium, rubidium and cesium dihydrogenarsenates, KH, AsO, RbH,AsO,
and CsH, AsO,, has been undertaken in the 20-4000 cm ™' range. The inelastic neutron scattering spectra obtained at 20 K
allow a precise assignment of the OH vibrations. The infrared absorption and Raman scattering spectra of the paraelectric
and ferroelectric phases have been analyzed. The three compounds are isomorphous with KH,PO,. The results are
compared to those obtained for the thallium dihydrogenarsenate TIH, AsO,. In all compounds the proton dynamics appear
weakly coupled to heavy atoms motions. The order—disorder transition at T, is associated to relaxational motions of anions
and protons in the tetragonal potassium, rubidium and cesium dihydrogenarsenates and to collective reorientational motions
of anions in monoclinic thallium derivative. The spectroscopic features show the participation of cations K™, Rb* and Cs*
to the dynamics of the three-dimensional lattice in both phases. In contrast, heavy-cation TI™ motions are decoupled from
the dynamics of hydrogen bond layers. No correlation between ordering of lattice and OH stretching wavenumber is

observed. © 1997 Elsevier Science B.V.

1. Introduction

Potassium, rubidium and cesium dihydrogenarse-
nates KH,AsO, (KDA), RbH,AsO, (RDA) and
CsH, AsO, (CDA) undergo a paraelectric—ferroelec-
tric phase transition at 7,. After partial structural
studies [1,2] it was assumed that these compounds
are isomorphous with KH,PO, (KDP). In the para-
electric and ferroelectric phases, the hydrogen bonds
built up a three-dimensional network [3]. Above T,

* Corresponding author.

the oxygen atoms of the hydrogen bonds are related
by an axis C,, which implies that the protons are
disordered between two symmetrical positions. The
protons are ordered below T,. The paraelectric phase
is characterized by the occurrence of a Raman low-
frequency mode, a ‘pseudo soft-mode °, the collec-
tive or relaxational origin of which being still widely
discussed [4-12]. Such spectroscopic feature is also
observed in the case of the antiferroelectric deriva-
tive NH,H, AsO, [13].

Thallium dihydrogenarsenate TIH,AsO, (TDA)
crystallizes in a monoclinic two-dimensional net-
work (P2, /a) [14], the hydrogen bonds setting up
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parallel layers as in the thallium (TIH,PO,, TDP)
[15] and cesium (CsH,PQ,, CDP) [16] phosphates.
In the paraelectric phase, above T,, half of the
hydrogen bonds are disordered with the proton statis-
tically located at the centre of the O - - - O distance
[14]. Below T, the ordering of all hydrogen bonds
leads to a doubling of the unit cell [17-19]. More-
over, the ‘pseudo soft-mode’ is not observed in the
spectra of TDA. These facts suggest some questions
concerning the dynamics of the proton in the two
different crystalline organisations, the collective or
relaxational nature of the ‘pseudo soft-mode’ and the
respective participation of proton, cation and anion
in the ordering of lattice at 7.

Thus, a complete assignment of the OH vibrations
is required to know the potential function governing
the proton dynamics. The importance of coupling
between the protons along the chains and between
light and heavy atoms have to be investigated and
compared inside the two different crystalline net-
works.

Inelastic neutron scattering (INS) provides spe-
cific information concerning the proton dynamics.
The scattering cross-section of the hydrogen atom is
more than one order of magnitude greater than those
of the other atoms (As, O) and the INS intensity is
directly proportional to the mean square amplitude of
the proton displacement. Infrared and Raman spec-
troscopies allow us to set up the behaviour of cations
and anions, emphasizing the relationship with the
two- or three-dimensionality of the hydrogen-bonded
systems.

Many infrared and Raman studies of KDA, RDA,
CDA and their deuterated homologues have been
published [12,20-28]. Few of them concern the vi-
brations of the OH group [20,21,27]. So far, as far as
we know, no inelastic neutron scattering data on
these arsenate salts has been published to date.

We investigated the infrared and Raman spectra
of polycrystalline KDA, RDA and CDA in the 10—
4000 cm ™! range in the paraelectric phase at 300 K
and in the ferroelectric phase at 20 and 100 K. The
INS spectra were recorded at about 20 K. The spec-

troscopic results are discussed with regard to those
recently obtained for TDA [29].

2. Experimental

The compounds KDA, RDA and CDA were pre-
pared from aqueous solution of potassium, rubidium
and cesium carbonate, respectively, with a slight
excess of arsenic acid H;AsO,. The compounds
were precipitated by ethanol and dried under vac-
uum. A weak absorption near 3000 cm~' could
indicate the presence of H,O or the formation of a
very small amount of hydrates.

The infrared absorption spectra of muiled crys-
talline powder in paraffin oil were recorded on a
Perkin-Elmer 983 spectrometer in the 200-4000
cm™ ! range with a spectral resolution of 3-6 cm ™'
In the 20-400 c¢cm™! range, a Bruker FTIR 113V
spectrometer was used with a spectral resolution of 2
cm™ !

Raman spectra were obtained using a triple mono-
chromator RTI 30 Dilor apparatus equipped with an
Argon ionised Spectra-Physics (laser excitatrice line
514.5 nm). The Raman signal can be detected down
to 5 cm~'. The spectral resolution was better than 2
cm~', and about 4 cm~' below and above 1300
cm ™', respectively. The samples were sealed in glass
tubes under helium atmosphere.

Conventional helium liquid cryostats were used
for cooling samples down to 20 K.The temperature
of the holder was stabilized within +2 K.

The INS spectra of polycrystalline samples of
KDA (5.32 g), RDA (10.21 g), CDA (11.77 g) and
TDA (8.03 g) were carried out on the TFXA spec-
trometer at the ISIS pulsed neutron source facility
(Rutherford Appleton Laboratory, U.K.). The spectra
of TDA give a better insight of the low wavenumber
range relative to that published in {29]. The tempera-
ture was about 20 K. The energy resolution AE/E
was ~ 2%.

Fig. 1. Infrared (IR), Raman (R) and inelastic neutron scattering (INS) spectra of polycrystalline KH, AsO, (KDA), RbH, AsO, (RDA) and
CsH, AsO, (CDA) at 300 and 20 K between 10 and 500 cm™'. (The INS intensities are not normalized between them.) +: laser plasma

lines.
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Fig. 3. Comparison of inelastic neutron scauering (INS) spectra of polycrystalline KH, AsO, (KDA), RbH,AsO, (RDA), CsH,AsO,
(CDA) and TIH, AsO, (TDA) at 20 K in the 500-4000 cm™' range. (The INS intensities are normalized relative to 1 mol H).

Fig. 2. Infrared (IR), Raman (R) and inelastic neutron scattering (INS) spectra of polycrystalline KH, AsO, (KDA), RbH , AsO, (RDA) and
CsH, AsO, (CDA) at 300 and 20 K between 250 and 4000 cm~'. +: absorption of paraffin oil.
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3. Structural data

The temperature 7T, is lower in the arsenates salts
KDA, RDA and CDA, ie. 95, 109 and 147 K,
respectively [30] than in the corresponding phos-
phates KDP [30], RDP [30] and CDP [31], i.e. 123,
147 and 153 K. respectively. In contrast, in the
thallium derivatives, T, is higher in TDA (251 K)
[32] than in TDP (229 K) [33], assuming an original
behaviour of these two compounds relative to that of
the other three arsenates.

Above T., the paraelectric phases of KDA, RDA
and CDA belong to the tetragonal symmetry 142d
(D,y) [1,34,35] with two entities in the primitive cell.
Each tetrahedron (site symmetry S,) is linked by
short equivalent disordered hydrogen bonds located
on a site C,. Neutron diffraction data evidence two

i
y MW;MM
e Wju

, 300 400 500

*

INTENSITY

Tc

cm

Fig. 4. Evolution of the Raman spectra of polycrystaliine
CsH, AsO, (CDA) with temperature in the external and AsO,
bending vibrations range. +: laser plasma lines.

equivalent positions of H(D) atoms between tetrahe-
dra [2,36]. The O - - - O distance, slightly longer in
KDA (0.252 nm) [34] than in KDP (0.2495 nm) [37],
has not been determined in RDA and CDA.

The unknown ferroelectric phases of RDA and
CDA are assumed to be isomorphous with the or-
thorhombic Fdd2 (C,,) phase of KDP and KDA
[1,2] with two formulas per unit cell. It should be
underlined that CDA and CDP are not isostructural.
Actually, the paraelectric and ferroelectric phases of
CDP belong to the monoclinic system, P2, /m (C,,)
and P2, (C,), respectively [16]. Unlike CDA, two
kinds of hydrogen bonds exist in CDP, leading to a
pseudo-unidimensional network [38] quasi-isostruct-
ural with TDP [39].

In the paraelectric phase at room temperature,
TDA crystallizes in the monoclinic structure P2, /a
(C,,) with four formulas per unit cell [14], the
O - - - O distances deduced from the spectroscopic
results being likely shorter than 0.255 nm [29]. It is
isomorphous with TDP [15,39]. Below T, by anal-
ogy with TDP, a centrosymmetrical structure would
occur according to the antipolar character [40]. How-
ever, in the case of TDP, spontaneous polarisation
[41] and SHG measurements [35] show an acentric
structure. Elsewhere, the spectroscopic results on
TDP and TDA suggested also a non-centrosymmetri-
cal phase at about 100 K below T, [29,42].

4, Vibrational analysis

The infrared and Raman spectra of the paraelec-
tric and ferroelectric phases of KDA, RDA and CDA
and the INS spectra of the ferroelectric phases are
reproduced in Figs. | and 2 in the 10-500 and
250-3500 cm ™' range, respectively. The INS spec-
tra of KDA, RDA, CDA and TDA in the 500-4000
em ! range are compared in Fig. 3. The Raman
spectra in the 10-500 cm ™' range of CDA at differ-
ent temperatures are illustrated in Fig. 4.

The assignments of the bands observed in the
10-250, 250-1000 and 1000-4000 cm ™' ranges,
given in Tables 1-3, respectively, are roughly ac-
cording to the previous studies [12,20-28]. Concern-
ing the wavenumbers, the infrared and Raman spec-
tra of KDA, RDA and CDA do not change steadily
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from the paraelectric to the ferroelectric phase. Ow-
ing to the INS data at low temperature, a complete
vibrational analysis of the arsenate salts may be
achieved in the ferroelectric phase.

The factor group analysis in the tetragonal and
orthorhombic phases leads to 23 and 30 internal and
10 and 15 external modes, respectively. Among the
internal modes, 14 or 18 are provided by the AsO,
group and 9 or 12 by the OH group. Generally, in
this type of disordered hydrogen-bonded crystals, the
AsO, modes do not obey to the selection rule of the
crystalline symmetry [29], above T., according to a
single well potential function of H atoms, on the
vibrational times.

The external modes are due to translational and
rotational motions of H,AsO, anions and to the
translational motions of cations.

4.1. External modes

In this type of hydrogen-bonded compounds, the
external modes are usually observed below 300 cm ™!
[18,29,42]. The translational and rotational motions
of anions could be described as hydrogen bond
stretching v, ..., and bending &, ..., modes. In the
tetragonal phase, 9 Raman active and 6 infrared
active vibrations are expected against 15 Raman
active and 12 infrared active vibrations in the or-
thorhombic phase.

Above T, the v, .. stretchings are related to the
INS and broad infrared bands between 170 and 250
cm~' (Fig. 1). The decrease of the v,.. o
wavenumber going from KDA to CDA shows a
lengthening of the hydrogen bond as the mass of
cation increases (Table 1). That result will be con-
firmed by the study of OH vibrations. At low tem-
perature, as shown in Fig. 1, the narrowing of in-
frared bands mainly due to hydrogen bond stretch-
ings is well marked in the case of largest cation Cs™.

Regarding the lower frequency range, the infrared
spectra in the tetragonal phase can be analyzed ac-
cording to a Fano effect [43] like a quasi-continuum
interacting with two narrow levels at 116 and 170
cm ! in KDA, 78 and 155 cm™! in RDA, and 65
and 135 cm™! in CDA (Fig. 1). The Raman spectra
are characterized by important Rayleigh wings and
narrow and broad bands near 75 and 150 cm ',
respectively (Fig. 1). These bands have to be as-

signed to O ---O bending modes. Below T, the
ordering of lattice is manifested in the Raman spec-
tra by the bandwidth narrowing and the vanishing of
the wings of the Rayleigh line. As in the vy . 4
range, the broad infrared characteristic features of
paraelectric phase are maintained in KDA and RDA.
The similar spectroscopic features observed in the
three compounds allow us to make up six series of
characteristic bands and to determine the assign-
ments above and below T..

I and I': At 300 K, the Raman band of B,
symmetry species [12,22,25,44] near 160, 150 and
135 cm™! in the spectra of KDA, RDA and CDA
(series 1) (Fig. 1) were assigned to the B, optical
mode, coupled with the protonic motion. The fre-
quency ratios calculated from the reduced mass
cation—anion are 0.89 for v.,+/vg,+ and 0.76 for
Vpy+/ Vk+- The experimental values are 0.90 and
0.94, respectively, showing a complex description of
the mode with the nature of cation. In the same way,
the ‘negative’ infrared bands observed at 170, 155
and 135 cm™! in KDA, RDA and CDA (series I'),
respectively, are related to relative motions of cations
and anions.

I and II': The ‘negative’ bands at 116, 78 and 65
cm™' (series II) are due to a purely translational
motion of cation according to the experimental val-
ues of the ratios vq.+/vgy+ and vpy+/vi- (0.83
and 0.67, respectively) very close to the calculated
ones (0.80 and 0.68, respectively) taking into ac-
count only the mass of cation and the very weak
corresponding INS intensities. Such assignment is
proposed for the broad Raman bands at same
wavenumbers (series IT'),

Il and IV: Due to experimental frequency ratios
of 0.86 and 0.80 for v +/vg,+ and vgy-/vg-, the
series 1V is assigned to relative translational motions
of cations and anions. In the series III, the experi-
mental values of 0.83 and 0.89, respectively, can be
explained by the participation of rotational motions
of anions.

V: The INS signal detected near 40 cm™' has to
be associated to the low wavenumber mode expected
in KDP and KDA [22] and observed in deuterated
analogous RbD, AsO, and KD, AsO, at 33 and 45
cm™ ', respectively [25]. In the INS spectra of TDA,
a narrow peak near 32 cm~' was assigned to relative
sliding of cations and anions [29].
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VI: Finally, in the paraelectric phase, the weak
Raman band near 30 cm ™' is assigned to rotational
motion of tetrahedra.

Regarding the above analysis, some features could
be emphasized. In KDA and RDA, the important
bandwidth of infrared bands below T, is associated
to a residual dipolar disorder in the ferroelectric
phase. However, in TDA, [29] and TDP [42], as in
the tetragonal compounds, a residual disorder of
lattice occurs down to about 100 K below T.. More-
over, many external modes appear more sensitive to
the nature of cation than to the ordering of crystal,
revealing the participation of cations to the long-range
interactions in the crystal. The motions of cations are
implied in the dynamics of the whole H, AsO, net-
work. according to their INS activity. In contrast, in
the thallium derivatives TDA and TDP, the transla-
tional motions of TI* assigned to intense Raman
bands near 40 cm~' were unobserved in the INS
spectra [29.42]. Likely due to the mass of cation, the
T1™ modes are decoupled from the dynamics of the
hydrogen bonds.

Finally, the spectrum of the ferroelectric phase of
CDA is well structured below 100 K, the number of
bands being consistent with the factor group analysis
assuming isomorphism with KDP (Fig. 1; Table 1).

4.2. AsO, group vibrations

The stretching v, and v, and bending v, and v,
modes are expected in the 1000-700 and 500-250
cm™' ranges, respectively [24,25,29.45-47]. Their
Raman and infrared activity in the factor groups D,
and C,, are given in Table 4. The weak INS inten-
sity of the bands due to the vibrations of the AsQO,
group shows the decoupling of proton dynamics
from those of heavy atoms.

Above T.. concerning the stretching vibrations,
the infrared and Raman spectra of KDA are charac-
teristic of the crystallographic site symmetry S,, the
intense bands at 790 cm™' in Raman and 751 and
860 cm ™! in infrared being assigned to v, (1A) and
vy (1B + 1E) modes, respectively (Table 2). The
lattice correlation effect increases from KDA to
CDA.In this last compound, the five Raman bands
expected in that wavenumber range are observed
(Table 2). Below T, at 20 K, the expected number
of bands (2v, + 6v,) is well observed in the case of

Table 4
Group factor analysis of normal modes of AsO, group in the
tetragonal and orthohombic phases

Site group Factor group (Z=2)

T, S, c, D, C

d 2d v

A(R)  A(RIR)
AR)  ARIR)
A, ALR)

vy E(R)
B(R) AR
B(RJIR) A(R.IR)
By(RIR) A (RIR)

B(R)  A,R)
B(R.IR} A(R.IR)
B,(RIR) A,(RIR)
vy, vy F(IRR)
2B (RIR)
E(RIR) 2B(R.IR) 2E(R.IR)
2B,(RIR)

A(R)  A(RIR)
A(R.IR)
A, A(R)

v, AR)  AR)

CDA (Table 2). Actually, the narrow band at 900
cm™! in the infrared spectra of CDA., assigned to a
v, component is scarcely observed in the spectra of
KDA and RDA as in the polarized Raman spectra
{25]. Again, the infrared and Raman bands of KDA
can be assigned to the AsO, vibrations only in terms
of the site symmetry C,.

In the tetragonal phase, the infrared spectra of the
bending modes of AsO, group, between 250 and 500
cm”', present typical features which could be ana-
lyzed as Fano effects between a broad component
centered near 360 cm ™' and two narrow levels cor-
responding to the Raman bands near 300 and 350
cm ™! (Fig. 2). Assuming a coupling with the *ferro-
electric mode’ via the B, anti-translational cation—
anion motion, the v, (B,) mode was assigned to the
band near 280 cm™! [12]. However, after Raman
polarization studies, that latter band belongs to a A |
symmetry species due to a v, component [21.22,25].
Then, the mode », (B,) is rather related to the broad
infrared feature around 370 cm ™', the narrow Raman
bands near 300 and 350 cm ' and the broad compo-
nents near 420 cm~ ' being assigned to v, and v,
modes, respectively [12,18.24.26]. Only in the case
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of CDA, all expected components are observed but
the detailed assignment is not achieved.

In the Raman spectra, a steady narrowing of the
bands is observed in the ferroelectric phase (Fig. 2).
In the infrared spectra of KDA and RDA, the Fano-
type features evidenced at 300 K are yet observed at
30 K, near 300 and 360 cm ™' (Fig. 2) whereas the
coupling between the v, vibrations and the ‘ferro-
electric mode’ of proton cannot be invoked. The
occurrence of a residual local disorder in the ferro-
electric phase, as suggested in the case of O--- O
vibrations and AsO, stretching modes, reveals also
the sensitivity of the AsO, bending vibrations to the
surrounding organisation. That effect is likely fa-
vored by interactions with the H-bond vibrations
lying in the near wavenumber range. A similar be-
haviour of AsO, bending modes was observed in the
infrared spectra of the totally disordered paraelastic
phase of TDA [45], the disorder being essentially
related to reorientational motions of anions [47].

Regarding the weak INS intensities of the AsO,
modes, local intramolecular couplings related to co-
valent bonds vanish and are superseded by long-range
interactions in the crystal. As observed in the case of
external modes and AsO, stretching modes, these
interactions increase with the mass of cation. That is
manifested by the splitting of the two Raman compo-
nents near 350 cm~' that increases from 3 cm™! in
KDA to 7 cm ™! in RDA and 21 cm™" in CDA.

4.3. OH group vibrations

The wavenumbers and the assignments of the OH
vibrations are gathered in Table 3. These modes give
rise to intense features in the INS spectra.

For each OH vibrator, three vibrations are defined
corresponding to one stretching vy and two bend-
ings 8oy and you (v, and vy, after [27]). The
frequency of these vibrations are very sensitive to
the O - - - O distance [48]. In the paraelectric phase
of KDA, the O --- O distance is 0.252 nm [34].
Such a value allow the hydrogen bond strength to be
evaluated as ‘strong’. In the isomorphous arsenates,
the O - - - O distances are expected to be similar. In
an X-ray study of TDA, the O - - - O distances vary
from 0.270 to 0.250 nm [39] but the spectroscopic
results permit to reduce these distances to about
0.250-0.255 nm [29].

Raman studies in polarized light of the ferroelec-
tric phase of KDA, RDA and CDA [27] have shown
very close wavenumbers corresponding to the differ-
ent symmetry species of the OH bending modes
according to very weak interactions between the
proton motions.

The INS spectra of KDA, RDA and CDA in the
ferroelectric phase allow us to assign the 6,y and
You to strong bands at 1320, 1303 and 1290 cm™'
and 1050, 1035 and 1019 cm ™', respectively (Figs. 2
and 3; Table 3). The corresponding infrared bands
are rather strong.

The 8,y and yyy wavenumbers decrease from
KDA to CDA and increase below T_. In the case of
isomorphous structure, that result indicates a length-
ening of the O---O distance with the mass of
cation such as R, .., (CDA)>R, .. o, (RDA)>
Ry ..o (KDA) and a strengthening of the H-bonds
in the ordered phase. Moreover, in the case of CDA,
the infrared bandwidths of the OH bending modes
present a critical behaviour at 7, as shown in Fig. 5.
The large increase of the bandwidths in the disor-

1809 Ao
Avyp
1 (em™)
160 3OH
140 /’
!
I
]
120 I
!
]
1
100 /
1]
4 !
/
80 //
] o/ YOH
60- *
7/
1 7/
//
4oﬂ /
//
l—l——H/,
20 4
t1e
1 T T T T T

T T .
0 50 100 150 200 250 300

T(K)
Fig. 5. Evolution of 8gy and Yy infrared bandwidths (FWHH)
vs. temperature in polycrystalline CsH, AsQO,.
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dered phase emphasizes a great sensitivity of the
proton dynamics in the OH bending modes to the
surrounding organisation of the crystal.

The INS and infrared bandwidths due to &gy
modes are broader than the corresponding vy bands
even at low temperature. An electrical coupling be-
tween vy, and dyy modes, favored by the proxim-
ity of their frequencies, could be suggested. That
interaction decreases from KDA to CDA as gy
wavenumber decreases, leading concurrently to the
narrowing of bandwidth (Fig. 2).

In the INS spectra of the low-temperature phase
of TDA, the 85 and o, bands are split into two
components: 1245-1345 and 930-952 cm ™!, respec-
tively [29] (Fig. 3). These important splittings are
assigned to the two kinds of H-bonds in TIH, AsO,
by analogy with CsH,PO, [49]. Moreover, the
(8on—"You) splitting is larger in TDA (=340 cm™')
than in the other three compounds (=270 cm™'),
characterizing the OH bending coordinates involved
in three- or two-dimensional hydrogen bond struc-
tures. That behaviour is also observed in phosphate
salts, the wavenumber splitting going from 256 cm ™"
in KDP [50] to 340 cm ™' in TDP [42].

As anticipated from their O - - - O distances, the
infrared and Raman spectra of arsenate salts present
the classical ‘ABC’ profile for short hydrogen bonds
in the 1400-3000 cm~' range (Fig. 2) [48]. From
polarized Raman spectra of dihydrogen phosphates
and arsenates [27], the ‘AB’ splitting has been ex-
plained by a Fano-type resonance between a wide
level vy and a narrow one due to 268,,. This
interpretation is also convenient to explain the dou-
blet v, observed in the spectra of deuterated homo-
logues of the KDP family [27]. Below T, the in-
frared *C’ component of KDA, RDA and CDA
presents an important broadening relative to the
paraelectric phase, the other two components being
unchanged. Actually, the ‘C’ bandwidth increases by
about 30% as the temperature decreases from 300 to
20 K. In opposite, in TDA, the corresponding band-
width slightly decreases only from 280 cm™' at 300
K to 260 cm™ ' at 20 K.

In the v,y frequency range, due to the Debye—
Waller factor, the INS spectra of hydrogen-bonded
compounds are generally weak and poorly-resolved
and muddled by overtones and combinations of OH
bendings (Fig. 3). However, in the INS spectra of

TDA the ‘C’ component is well defined at 1760
em™'. A similar profile appears in the INS spectra of
TIH, PO, [42] and PbHPO, [51]. These INS features
suggest that the ‘C’ component would be rather
related to the vy, mode. That assignment would
reveal a weakening of the OH bond, due to an
increase of the ionic character of the O™° - - - H"?
-+ 07% bond as proposed in carbonate salts [52]. It
would result in a disorder of proton at low tempera-
ture, manifested by the broad infrared features of the
‘C’ component in the polar phase. However, no
tunneling effect is detected in the INS spectra above
30 cm ', In TDA, the spectroscopic behaviour of
the ‘C’ component could indicate a different poten-
tial function governing the proton dynamics, ensur-
ing a more covalent character of the OH bond. An
alternative would be the occurrence of a vy, com-
ponent becoming infrared active below 7,. Actually,
polarization studies shown that the frequency split-
tings due to correlation effect are greater for the ‘C’
component than for the ‘A’ and ‘B’ {27].

4.4. Central mode

The behaviour of the low-frequency Raman spec-
tra of CDA with temperature is illustrated in Fig. 4.
Unlike the external modes, the Rayleigh wings pre-
sent a critical behaviour as the temperature falls. A
relaxational mechanism was assumed in ferroelectric
and antiferroelectric crystals of the KDP family to
explain the anomalous large dielectric constant be-
low T, [53,54], the reflectivity spectra [13,55] and
the Raman quasi-elastic component [6,10,56]. The
central mode should imply relaxational motions of
anions and protons inside the H-bond network. These
motions could be associated to multidomain walls
displacements in the disordered phase. As shown for
KDA [54,56] and CDA [57], the relaxation times of
dipoles increases as the temperature decreases. Si-
multaneously, the broadening of the Rayleigh line
disappears. The phase transition is achieved when
the mobility of domain walls strongly decreases.

No characteristic Rayleigh line broadening is de-
tected in the spectra of the paraelectric phase of
TDA [29]. Due to the doubling of the cell at 7., no
soft mode associated with an optical phonon at the
Brillouin zone boundary is expected which confirms
the relaxational character of the transition in the
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antiferroelectric crystal NH,H,PO,. This fact, asso-
ciated with the decoupling of TI* translations from
the vibrations of the hydrogen bonds, shows the
original dynamics of the lattice in the thallium arsen-
ate and phosphate derivatives. There is no evidence
that collective proton transfer occurs in these com-
pounds. In the thallium salts, the mechanism of the
order—disorder transition was mainly associated to
collective reorientational motions of AsO,. It is sug-
gested that the dynamics of protons and tetrahedra
are concerted in the ordering of the lattice. However,
in the quasi-isomorphous crystal CsH,PO,, a relax-
ational motion of proton has been invoked to explain
the INS intensity observed at low frequency in the
polarized spectra of the ferroelectric phase [49].

5. Conclusions

The vibrational behaviour of the three arsenates
KDA, RDA and CDA confirms the isomorphism of
the paraelectric and ferroelectric phases and shows
the Iengthening of the O - - - O distances from KDA
to CDA. The results were compared to those ob-
tained for the monoclinic crystal TDA in relation
with the three- or two-dimensional crystalline organ-
isation of the H-bonds and the nature of cation.

In all cases, the weak INS intensities of the AsO,
internal modes show a decoupling of the proton
dynamics from those of surrounding atoms. The
intermolecular couplings result from dipolar long-
distance interactions and appear favored in the case
of the large cation Cs™.

Due to INS results, a complete assignment of the
OH vibrations is given. Whatever the crystalline
structure, no significant change is observed at T,
concerning the wavenumber of the vy stretching.
No wnneling effect is detected at least above 30
cm~'. No correlation between the ordering of lattice
and vq, wavenumber is evidenced in contrast to the
great sensitivity of the &,; bandwidth to the sur-
rounding disorder in the tetragonal compounds. The
spectroscopic behaviour of OH stretching mode de-
pends on the crystalline organisation revealing dif-
ferent rate of ionic character of the OH bond. A
detailed knowledge of the proton dynamics is re-
quired for establishing the relationship between the
crystalline structure of a system and the proton trans-
fer rate.

The translational motions of K*, Rb* and Cs™*
are implied in the dynamics of the lattice. In con-
trast, the T1* translations are decoupled from the
H, AsO, motions. The participation of cations to the
dynamics of the hydrogen bonds depends on the
nature of cation and can be related to the crystalline
organisation. Thus, in KDP family compounds, the
three-dimensional H-bond network occurs if the vol-
ume (or the mass) of anion is large relative to that of
cation (KDP, RDP, KDA, RDA, CDA). The two-di-
mensional structure exists in heavy-cation salts such
as CDP, TDP and TDA.

Finally, the ordering of the lattice at T, should be
monitored by dipolar relaxational motions of ions
and protons in the three-dimensional H-bond net-
work or by collective reorientational motions of an-
ions inside the hydrogen bond layers.
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