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Abstract

The crystal structure of Cs0.86(NH4)1.14SO4 �Te(OH)6 is determined by X-ray diffraction analysis. The space group is P21=c with

a ¼ 13:681ð3Þ (A, b ¼ 6:608ð1Þ (A, c ¼ 11:362ð2Þ (A, b ¼ 106:65ð3Þ1 and Z ¼ 4 at 293K. The structure is refined to R ¼ 2:9%. The
distribution of atoms can be described as isolated TeO6 octahedra and SO4 tetrahedra. The Cs

+ and NH4
+ cations, occupying the

same positions, are located between these polyhedra. The main feature of this structure is the coexistence of two types of anions in

the same crystal related by network hydrogen bonds.

The mixed solid solution cesium ammonium sulphate tellurate exhibits two phase transitions at 470 and 500K. These transitions,

detected by differential scanning calorimetric, are analyzed by dielectric measurements using the impedance and modulus

spectroscopy techniques.

r 2005 Elsevier Inc. All rights reserved.
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1. Introduction

The compounds of general formula MnAO4.Te (OH)6,
where (M ¼ Na, K, NH4, Rb, Cs, A ¼ S, Se, P and
n ¼ 2; 3) have attracted much attention for their
structural phase transitions and their associated physical
properties: ferroelectricity, dielectric relaxation and
especially a phase transition into a state characterized
by a high protonic conductivity [1–4].
The influence of cationic substitution on crystal

symmetry and physical properties has been reported
in previous studies for a new mixed solution of
rubidium ammonium sulphate tellurate which crystal-
e front matter r 2005 Elsevier Inc. All rights reserved.
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lizes in P21=a space group at room temperature and
in P2 one at high temperature [5,6]. In the other hand,
the potassium ammonium sulphate tellurate exhibits
P21=a space group [7]. In order to examine the effect
and influence of cationic substitution on crystalline
symmetry and physical properties, we have extended our
research to the cesium ammonium sulphate tellurate
mixed solution Cs0.86(NH4)1.14SO4 �Te(OH)6 (CsNST).
At room temperature, CsNST crystals crystallize in the
P21=c space group.
Based compounds Cs2SO4 �Te(OH)6 (CsST) and

(NH4)2SO4 �Te(OH)6 (NST) were described in previous
works [8–10]. Indeed, CsST crystallizes in R3 space
group whereas NST belongs to the monoclinic space
group Cc. In the present work, we describe the structure
of a new CsNST compound and we try to predict its
physical properties on the bases of the structure
determination.

www.elsevier.com/locate/jssc
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Fig. 1. Projection of Cs0.86(NH4)1.14SO4Te(OH)6 crystal structure at

293K on the ac plane.

Table 1

Main Crystallographic data for Cs0.86(NH4)1.14SO4Te(OH)6

Formula Cs0.86(NH4)1.14SO4Te(OH)6
Formula weight (gmol�1) 460.5

Crystal system Monoclinic

a (Å) 13.681 (3)

b (Å) 6.608 (1)

c (Å) 11.362 (2)

b (1) 106.65 (3)

V (Å3) 984.1 (3)

Z 4

Space group P21=c

y min./y max.(1) 3.11/25.65

T (K) 293 (2)
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2. Experimental details

Single crystals of Cs0.86(NH4)1.14SO4 �Te(OH)6 were
grown by slow evaporation from a mixture of telluric
acid H6TeO6 and corresponding sulphates (NH4)2SO4
and Cs2SO4 in stoichiometric ratio (1/1/1). Schemati-
cally the reaction is:

H6TeO6 þ x ðNH4Þ2SO4 þ ð12xÞ !

Cs2SO4 Cs2�2x ðNH4Þ2xSO4 � TeðOHÞ6

The formula is determined by refinement of the
crystal structure and confirmed by chemical analysis.
Calorimetric measurements were performed between
300 and 750K with a DSC SETARAM 92.
The X-ray single crystal was carried out using Kappa-

CCD diffractometer with graphite monochromated
MoKa radiation [11]. The unit cell parameters are
identified and refined using the Denzo program [12]. The
X-ray data are collected using the Collect program [13].
The integrated intensities were corrected for Lorentz
and polarization effects [14]. All subsequent computa-
tions were carried out using the computer program
SHELX [15,16]. The structure was solved by conven-
tional Patterson and difference-Fourier techniques and
refined by the full matrix least squares procedure.
Hydrogen atoms were located from the electron density
difference map.
Dielectric measurements were carried out on pellets

with dimensions approximately 13mm in diameter and
1mm in thickness. Electrical impedance was measured
in the range 100Hz–13MHz using a Hewlett-Packard
4192 A LF automatic bridge monitored by an HP
Vectra microcomputer.
Diffractometer Enraf-Nonius Kappa CCD

l (MoKa)(Å) 0.71073

�16php15
�8pkp0
0plp13
Measured reflections 2018

Independent reflections 1823

Reflections with I44sðIÞ 1344

Rint 0.042

rcal (g cm
�3) 2.46

m (cm�1) 105.6

min., max., Dr (e/Å3) �0.71, 0.66

Parameters refined 133

R (F)a% 2.9

wR (F)a% 10.85

aR values are defined as wR2 ¼ (
P
[w(Fo

2–Fc
2)2]/[w(Fo

2)2])1/2 and

R1 ¼
P
||Fo|–|Fc||/

P
|Fo|.
3. Results and discussion

3.1. Structural study

Fig. 1 shows a projection on the ac plane of CsNST
structure. In this structure, we note the presence of two
different and independent anions in the same crystal.
The structure can be regarded as being built of planes

of pure SO4 tetrahedra altering with planes of pure TeO6
octahedra, parallel to the (100) and (001) planes. The
Cs+/NH4

+ cations are situated between these kinds of
polyhedra.
The details of data collection, the final atomic

positions and Ueq parameters for the CsNST compound
are given in Tables 1–3 whereas the main interatomic
distances and bond angles for TeO6 octahedra and SO4
tetrahedra are given in Tables 4 and 5.
The Te atom in CsNST structure, occupies two

special positions. In consequence, the structure shows
two kinds of octahedra Te(1)O6 and Te(2)O6, with Te–O
values between 1.913(3) and 1.917(3) Å. The O–Te–O
angles vary from 87.7(1)1 to 92.3(1)1. In comparison
with the sulphate tellurate studies, the Te–O distances
and O–Te–O angles show that the octahedra are regular
in the CsNST structure. Indeed, in the Cs2SO4.Te(OH)6
compound, the Te–O distances spread from 1.905 to
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Table 2

Fractional atomic coordinates and thermal displacement factors for

Cs0.86(NH4)1.14SO4Te(OH)6

Atoms X Y Z Ueq (Å
3)

Te1 0.5000 0.0000 0.0000 0.0122 (2)

Te2 1.0000 1.0000 0.5000 0.0118 (2)

S 0.7509 (7) 0.5086 (1) 0.2647 (1) 0.0135 (4)

Cs1 0.6454 (2) 0.4975 (3) �0.0931 (4) 0.029 (1)

N1 0.6454 (2) 0.4975 (3) �0.0931 (4) 0.029 (1)

Cs2 0.8548 (3) 0.4860 (4) 0.6524 (5) 0.023 (1)

N2 0.8548 (3) 0.4860 (4) 0.6524 (5) 0.023 (1)

O1 0.5321 (2) �0.1039 (4) �0.0672 (3) 0.0234 (7)

O2 0.4614 (2) 0.2626 (4) �0.0687 (3) 0.0278 (7)

O3 0.3648 (2) �0.1039 (4) �0.0672 (3) 0.0234 (7)

O4 1.0166 (2) 1.2369 (4) 0.6011 (2) 0.0227 (7)

O5 1.1351 (2) 0.9137 (4) 0.5873 (3) 0.0214 (7)

O6 0.9474 (2) 0.8598 (4) 0.6161 (3) 0.0221 (7)

O7 0.7912 (2) 0.4489 (4) 0.1633 (3) 0.0251 (7)

O8 0.6644 (2) 0.3726 (4) 0.2639 (2) 0.0219 (7)

O9 0.7160 (2) 0.7210 (4) 0.2492 (2) 0.0239 (7)

O10 0.8311 (2) 0.4901 (3) 0.3837 (3) 0.0233 (7)

H1 0.5646 0.0046 �0.1817 0.050

H2 0.5935 0.7636 0.1398 0.050

H3 0.3739 �0.1985 �0.1328 0.050

H4 1.0776 1.3133 0.5979 0.050

H5 1.1368 0.7691 0.5968 0.050

H6 0.8959 0.9395 0.6439 0.050

H7 0.7030 0.4487 �0.0169 0.050

H8 0.6362 0.6438 �0.0631 0.050

H9 0.6545 0.3764 �0.1350 0.050

H10 0.5649 0.5574 �0.1171 0.050

H11 0.8560 0.4698 0.7405 0.050

H12 0.8537 0.4921 0.5675 0.050

H13 0.8978 0.3546 0.6410 0.050

H14 0.7840 0.4973 0.6051 0.050

Ueq ¼ 1/3
P

i

P
jUijai � aj � aiaj .

Table 3

Thermal displacement parameters of Cs0.86(NH4)1.14SO4Te(OH)6

AtomsU11 U22 U33 U23 U13 U12

Te1 0.0115(3)0.0124(4)0.0127(4)�0.0005(3) 0.0036(2)�0.0006(1)

Te2 0.0122(3)0.0119(4)0.0119(4) 0.00006(1) 0.0044(2) 0.0001(1)

S 0.0121(8)0.0134(8)0.0156(6)�0.0001(3) 0.0049(5)�0.0008(3)

Cs1 0.033(2) 0.022 (1) 0.033 (2) �0.0022(8) 0.0111(1) 0.0042(8)

N1 0.033(2) 0.022(1) 0.033(2) 0.0022(8) 0.0111(1) 0.0042(8)

Cs2 0.026(2) 0.021(2) 0.025(3) �0.0002 (1) 0.010(2) 0.0020(1)

N2 0.026(2) 0.021(2) 0.025(3) �0.0002 (1) 0.010(2) 0.0020(5)

O1 0.037(2) 0.033(2) 0.029(2) �0.013(1) 0.0225(9)�0.0146(9)

O2 0.0282(2)0.0172(1)0.032(2) 0.0027(9) 0.0000(1)�0.0025(1)

O3 0.0183(1)0.0228(2)0.030(2) �0.0028(1) 0.0085(1)�0.0042(9)

O4 0.0223(2)0.0191(1)0.0271(2)�0.0062(1) 0.0078(1) 0.0002(1)

O5 0.0185(1)0.0198(2)0.0231(2)�0.0027(1) 0.0013(1) 0.0003(9)

O6 0.0260(2)0.020 (1) 0.0239(2) 0.0060(1) 0.0146(9) 0.0010(9)

O7 0.0258(9)0.0295(1)0.0230(2)�0.0055(2) 0.0119(9)�0.0041(9)

O8 0.0228(9)0.0214(9)0.0228(2)�0.0027(1) 0.0086(9)�0.0044(1)

O9 0.0250(8)0.0144(9)0.0309(2) 0.0008(1) 0.0060(1) 0.0015(1)

O10 0.0237(2)0.0207(2)0.020(2) 0.0023(1) �0.0026(1)�0.0030(1)

The anisotropic displacement exponent takes the form:

(�2p2
P

i

P
jUijhihjaiaj�).

Table 4

Atomic distances (Å) and angles (deg) of Cs0.86(NH4)1.14SO4Te(OH)6

Distance (Å) Distance (Å)

(a) Cesium and ammonium coordination

Cs1/N1 Cs2/N2
O9 cy2.932 (4) O3 ky2.941 (6)

O8 dy2.988 (4) O5 ly2.960 (6)

O5 ey3.035 (4) O4 my2.948 (4)

O7y3.040 (5) O10 y2.976 (6)

O2 fy3.093 (5) O7 ny3.015 (4)

O1 gy3.105 (4) O9 q y3.124 (5)

O3 ay3.201 (4) O4 l y 3.296 (5)

O1 hy3.312 (5) O6 ly3.295 (5)

O2y3.037 (5) O6y2.856 (5)

(b) Sulphate groups

S–O7 ¼ 1.466 (3) O7–S–O9 ¼ 109.0 (2)

S–O9 ¼ 1.476 (3) O7–S–O10 ¼ 110.4 (2)

S–O10 ¼ 1.482 (3) O9–S–O10 ¼ 108.4 (1)

S–O8 ¼ 1.485 (3) O7–S–O8 ¼ 108.1 (2)

O9–S–O8 ¼ 110.1 (2)

O10–S–O8 ¼ 109.6 (2)

(c) Tellurate groups

Te1–O3 ¼ 1.914 (3) O3–Te1–O2 ¼ 92.31 (11)

Te1 – O3 a ¼ 1.914 (3) O3 a–Te1–O2 ¼ 87.69 (11)

Te1–O2 ¼ 1.914 (3) O3–Te1–O1 ¼ 88.77 (12)

Te1–O2 a ¼ 1.914 (3) O3 a–Te1–O1 ¼ 91.23 (12)

Te1–O1 ¼ 1.914 (3) O2–Te1–O1 ¼ 92.16 (13)

Te1–O1 a ¼ 1.914 (3) O2 a–Te1–O1 ¼ 87.84 (13)

Te2–O6 ¼ 1.913 (3) O6–Te2–O4 b ¼ 90.82 (11)

Te2–O6 b ¼ 1.913 (3) O6 b–Te2–O4 b ¼ 89.18 (11)

Te2–O4 ¼ 1.916 (3) O6–Te2–O5 b ¼ 90.18 (12)

Te2–O4 b ¼ 1.916 (3) O6–Te2–O5 ¼ 89.82 (12)

Te2–O5 ¼ 1.917 (3) O4 b–Te2–O5 ¼ 89.92 (11)

Te2–O5 b ¼ 1.917 (3) O4–Te2–O5 ¼ 90.08 (11)
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1.907 Å and they are between 1.874(3) and 1.944(3) Å in
(NH4)2SO4 �Te(OH)6 material. The SO4 groups are
regular as seem in Table 4. The S–O distances in the
tetrahedral groups are between 1.466(3) and 1.485(3) Å
and the average of O–S–O angles is 1091.
In difference to the cesium and ammonium sulphate

tellurate structures where the two cations do not
have the same number of coordination, in the new
mixed solution Cs0.86(NH4)1.14SO4 �Te(OH)6, the Cs/N
atoms are distributed on two sites and they are nine
coordinated. The (Cs/N)–O bonds ranging from
2.932(4) to 3.312(5)Å for Cs1/N1 and from 2.856(5)
to 3.296(5)Å for Cs2/N2. In consequence, the distances
Cs/N–O in the mixed compound Cs0.86(NH4)1.14
SO4 �Te(OH)6 vary from 2.856(5) to 3.296(5)Å, with
an average of 3.08 Å. Indeed, the environment of Cs1/N1
atoms is made from three oxygen atoms belonging to
SO4 groups, three to the first type of octahedra
(Te(1)O6), two oxygen atoms to another Te(1)O6
octahedra and only one oxygen from the second
octahedra Te(2)O6. The Cs2/N2 atoms are coordinated
by three oxygen atoms belonging to the SO4 tetrahedra,
one oxygen to Te(1)O6 octahedra, three oxygens
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Table 5

Distances and hydrogen bond angles in Cs0.86(NH4)1.14SO4Te(OH)6

OyO and NyO distances (Å) OyH distances (Å) OyH–O and OyN–H angles (deg)

* O–HyO bonds:

O4yO10 b ¼ 2.722 (3) O10 byH4 ¼ 1.772 (3) O10 byH4–O4 ¼ 161.44 (4)

O5yO10 q ¼ 2.713 (4) O10 q y.H5 ¼ 1.763 (4) O10 qyH5–O5 ¼ 167.25 (3)

O3yO8 a ¼ 2.787 (4) O8 a yH3 ¼ 1.833 (3) O8 ayH3–O3 ¼ 157.24 (2)

O6yO7 p ¼ 2.661 (2) O7 pyH6 ¼ 1.679 (4) O7 py.H6–O6 ¼ 166.62 (3)

O1yO8 d ¼ 2.742 (4) O8 dyH1 ¼ 1.845 (3) O8 d yH1–O1 ¼ 160.77 (3)

O2yO9 f ¼ 2.702 (4) O9 fyH2 ¼ 1.803 (2) O9 f yH2–O2 ¼ 154.30 (2)

* N–HyO bonds:

N2yO5 l ¼ 2.960 (4) O5 lyH11 ¼ 1.961 (3) N2–H11yO5 l ¼ 174.61 (1)

N2yO7 n ¼ 3.039 (4) O7 nyH12 ¼ 2.103 (3) N2–H12yO7 n ¼ 136.70 (1)

N2yO3 k ¼ 2.941 (3) O3 kyH14 ¼ 2.068 (3) N2–H14yO3 k ¼ 149.38 (1)

N2yO4 m ¼ 2.948 (4) O4 myH13 ¼ 1.969 (4) N2–H13yO4 m ¼ 149.52 (1)

N1yO9 ¼ 3.126 (3) O9 cyH9 ¼ 2.022 (4) N1–H7yO9 c ¼ 151.65 (2)

N1yO7 ¼ 3.040 (3) O7 yH7 ¼ 2.057 (3) N1–H7 yO7 ¼ 156.36 (1)

N1yO1 ¼ 3.105 (3) O1 yH8 ¼ 2.192 (4) N1–H8yO1 ¼ 134.35 (1)

N1yO2 f ¼ 3.093 (3) O2 f yH8 ¼ 2.256 (4) N1–H8yO2 f ¼ 126.46 (1)

Symmetry code: a : 2x þ 1;�y;�zb : 2x þ 2;�y þ 2;�z þ 1c : x;�y þ 3=2; z � 1=2d : x;�y þ 1=2; z � 1=2e : 2x þ 2; y � 1=2; z � 1=2 f :
2x þ 1;�y þ 1;�zg : x; y þ 1; z; h : 2x þ 1; y þ 1=2;�z � 1=2k : 2x þ 1; y þ 1=2;�z þ 1=2l : 2x þ 2; y � 1=2;�z þ 3=2m : x; y � 1; zn : �y þ 1=2;
z þ 1=2p : x;�y þ 3=2; z þ 1=2q : 2x þ 2;�y þ 1;�z þ 1.
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belonging to the Te(2)O6 groups and two oxygen atoms
to a second Te(2)O6 octahedral group.
In CsNST structure, the sulphate tetrahedra are

connected with tellurate octahedra by two types of
hydrogen bonds O–HyO and N–HyO assured,
respectively, by protons belonging to hydroxide and
ammonium groups. Differently from the based com-
pound Cs2SO4 �Te(OH)6 where only two hydrogen
bonds O–HyO are detected, all the oxygen atoms
belonging to SO4 groups participate in the establishment
of the first type of hydrogen bonds in the mixed
compound (CsNST). In consequence, all hydrogen
atoms belonging to Te(OH)6 groups participate in the
formation of hydrogen bonding. In sulphate group, two
oxygen atoms are tied to one hydrogen atom but each
other oxygen atoms are tied to two hydrogen atoms. The
OyO distances are between 2.661(2) and 2.787(4) Å
and the O–HyO angles vary from 154.30(2)1 to
167.25(3)1. In addition to O–HyO hydrogen bonds,
the structure of this mixed compound is stabilized by
N–HyO hydrogen bonding. Hydrogen atoms belong-
ing to the first and the second type of NH4

+ group
participate in the formation of this kind of hydrogen
bonds. Fig. 2 shows the projection of the structure on
the ac plane including the two types of hydrogen bonds.
The presence of the two types of bonds in this structure
is in the origin of the protonic conduction phase
transition.

3.2. Calorimetric study

The results of the calorimetric study of the mixed
cesium ammonium sulphate tellurate in the range
temperature between 300 and 750K are showed in
Fig. 3.
Two endothermic peaks are observed at 470 and

500K. By comparison with Cs2SO4Te(OH)6, we note
that the transition corresponding to paraelectric–ferro-
electric phase transition at 490K for Cs2SO4Te(OH)6 is
retained in our new mixed solution CsNST at 470K.
The endothermic peak at 500K is attributed to the
protonic conduction phase transition due to the break-
ing of O–HyO and N–HyO hydrogen bonds which
link TeO6 and/or NH4 to SO4 such that the proton
moves between the potential wells associated with the
anionic and cationic entities. One anomaly observed in
the DSC curve about 550K can be due to the
decomposition of the salt before the melting point.

3.3. Electrical properties

Pellets, 13mm in diameter and 1mm in thickness,
were sintered at 200-MPa pressure for 12 h under
vacuum to eliminate the water content in the sample
and obtain a dense pellet. Complex impedance spectra
Z00 versus Z0 ½�Z00 ¼ f ðZ0Þ� Cole–Cole plots recorded at
various temperatures are presented in Fig. 4 [17]. The
complex impedance plane data show a non-depressed
semi-circle for all frequency and temperature variations.
The comportment of these curves shows the conductor
character of our material. The resistance is determined
by extrapolation at frequency equal to zero from the Z00

versus Z0 circle arc centred under the Z0-axis [18].
The temperature dependence of the conductivity is

presented in Fig. 5 in a log (sT) versus 1=T plot. We
note essentially the presence of two regions. The first
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Fig. 2. Projection of the CsNST structure showing the Hydrogen bonds.

Fig. 3. Differential scanning calorimetry of Cs0.86(NH4)1.14SO4
Te(OH)6.

0

15000

30000

45000

0 25000 50000 75000 100000

T = 443 K

T = 423K

T = 407 K

T = 375K

-Z
" 

(Ω
)

Z' (Ω)

Fig. 4. Complex impedance curves of Cs0.86(NH4)1.14SO4Te(OH)6 at

various temperatures.

M. Dammak et al. / Journal of Solid State Chemistry 178 (2005) 2109–2116 2113
one below 500K characterizing the conductivity at low
temperature. The second one between 500 and 550K,
where we observed an abrupt rise in the electric
conductivity, characterizing the superprotonic conduc-
tivity phase transition. The conductivity in these two
regions obeys Arrhenius type behaviour. The high level
of the conductivity at high temperatures in
Cs0.86(NH4)1.14SO4 �Te(OH)6 can be attributed to the
rapid motion of the proton H+ due to the breaking of
the hydrogen bonds. In consequence the proton H+

becomes free between the potential holes SO4
2� and

TeO6
6�; thus the superionic phase transition corresponds

to the melting of the proton sublattice reaching the
‘quasi-liquid’ state where H+, SO4

2� and TeO6
6� ions
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contribute to the unusually high conductivity. At high
temperatures above 550K, the conductivity does not
obey to the Arrhenius law. This behaviour is due to
superposition of many mechanisms such as the protonic
conduction and the decomposition of the salt before the
melting point due to the dehydration of the Te(OH)6
groups [1,7].
The evolution of �0r with the temperature is given in

Fig. 6 for different frequencies. According to this figure,
it is interesting to note that two anomalies on the
variation of �0r are observed at 470 and 510K. The
second anomaly masks the decreasing of the first one.
Their temperatures coincide with those observed by
DSC. Temperatures of phase transition does not vary
when the frequency increases, this result suggests that
the compound Cs0.86(NH4)1.14SO4 �Te(OH)6 does not
present a dielectric relaxation effect in the domain of
frequencies studied. In fact, the permittivity �0r can be
considered as the sum of two contribution [19–21]. The
first contribution presents the lattice response due
to permanent dipole orientation, and its anomaly
characterizes the ferroelectric–paraelectric phase transi-
tion [19]. The second is manifested at low frequency,
and associated to the conductivity relaxation carrier
response.
The dissipation factor (tan d) evolution as a function
of temperature is presented in Fig. 7. The values are
greater in agreement with the important contribution of
conductivity in this material. The dielectric loss increases
with increasing temperature, presents a maximum below
Tc (Curie temperature) then decreases and presents a
minimum in the vicinity of the transition temperature.
The position of tan d maximum depends on the
frequency: it shifts to high temperature when the
frequency increases. The behaviour of dielectric con-
stant �0r and tan d support the hypothesis that at 470K
the phase transition is of paraelectric–ferroelectric type
as in the case of Cs2SO4Te(OH)6 at 490K [9].
In order to throw some additional light on the role of

Cs+ and NH4
+ ions on the first transition, dielectric

relaxation studies have consequently been undertaken in
the complex modulus M* formalism. For a given
temperature and frequency, the real part M0 and the
imaginary part M00 of the M* complex modulus
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(M� ¼ M 0 þ jM 00) were calculated from the complex
impedance data (Z� ¼ Z02jZ00) using the relations
M 0 ¼ oC0Z

00 and M 00 ¼ oC0Z
0. The plots of the

normalized M 00=M 00
max imaginary part and logM 0 of

the complex modulus of CsNST versus log(f) are given
in Figs. 8 and 9 at various temperatures, respectively.
The M 00=M 00

max spectra relative to a given temperature
show an asymmetrical peak characterizing the relaxa-
tion frequency of protons. From the plots of the
normalized imaginary part (M 00=M 00

max), we observe that
the modulus peak maximum centered in the dispersion
region shifts to higher frequencies as temperatures
increase.
The region of the left of theM 00=M 00

max peak maximum
is where the H+ and Cs+/NH4

+ ions are mobile over
long distances, whereas the region of the right is where
the ions are spatially confined to their potential wells.
The frequency range where the peak occurs is indicative
of the transition from short-range to long-range
mobility at decreasing frequency and is defined by the
condition ots ¼ 1, where ts is the most probable
constitution proton relaxation time [22]. This phenom-
enon is observed in Rb1.12(NH4)0.88SO4 �Te(OH)6 which
confirms that the proton transport in Cs0.86(NH4)1.14
SO4 �Te(OH)6 is probably due to a hopping mechanism
[23,24]. From Fig. 9 (logM 0), whatever the temperature,
M0 reaches a constant value (M 0

1 ¼ 1=�1) at high
frequencies and at low frequencies it approaches zero,
which indicates that the electrode polarization phenom-
enon makes a negligible contribution to M� and may
be ignored when the electric data are analysed in this
form [25].
4. Conclusion

The new solid solution Cs0.86(NH4)1.14SO4 �Te(OH)6
crystallizes in the monoclinic space group P21=c with
four formula units in the unit cell. The structure is built
by TeO6

6� and SO4
2� anions and Cs+/NH4

+ cations. The
main feature of the type of the mixed solution and the
alcalin sulphate tellurate structures is the presence of
two different and independent anions SO4

2� and TeO6
6�

in the same unit cell which can be in the origin of
important physical properties, as the ferroelectricity and
the superprotonic conduction. The CsNST mixed
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solution exhibits two phase transitions detected by both
calorimetric and dielectric measurements.
The evolution of dielectric constant versus tempera-

ture and the conductivity versus inverse temperature for
the new mixed solution Cs0.86(NH4)1.14SO4 �Te(OH)6
show that this material presents a paraelectric–ferro-
electric phase transition at 470K and superprotonic
phase transition one manifested by a strong jump in the
conductivity plot at 500K. This ionic conductivity is
attributed to H+ and NH4

+ mobility due to the breaking
of hydrogen bonds. A relaxation study shows the H+

transfer is probably provided by a hopping mechanism.
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