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Thermal variations of structural parameters of Li;_,H,10; are reported between 10 and 380 K, and
are compared o isotypic a-LilOy in the same temperature range. Beside the presence of a weakly
bound, randomly distributed proton in gencral position of 6,, differences appear concerning the
thermal expansion coclficient along the polar axis and a significant shift of the Li position is observed
from 210 K to the decomposition temperature (=400 K). This predicts differences in the Li;_,H,10,
pyroclectric and piezoelectric ¢lfects when compared to the a-LilO; crystal widely used for technologi-

cal applications. © 1993 Academic Press, Inc,

Introduction

The lithium iodate crystal a-LilO, (space
group P6,) is widely used in applicd physics
owing to its striking nonlinear, photoelastic,
piezoelectric, and pyroelectric properties.
Among noncentrosymmetric iodates, lith-
ium iodate-iodic acid solid solutions Li;_,
H,10,, first mentioned by Ricci and Amron
(1), have been recognized as prospective
materials for technical applications, in par-
ticular owing to the largest piezoelectric dy,
coefficient within the series of iodates (2)
when the HIO, content x (mole fraction)
takes the value 0.30. Unlike a-LilO,, only
a few results have been published about the
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solid solution, probably because of diffi-
culties in obtaining large homogeneous (rel-
ative to H* content) single crystals suitable
for applications. From a preliminary study
by neutron thermodiffractometry (3), the
thermal behavior of a Li, ,H,10; powder
above room temperature (RT) appeared to
be more complex than that of «-LilO;.
Whereas the latter is stable up to 500 K (the
temperature of the « — vy and v — (8 phase
transitions depending on the morphology,
the growth conditions, and the mechanical
and thermal history of the sample (4)), the
solid solution is found to be stable from RT
to only 398 K. Above this temperature, the
H* concentration decreases, then new com-
pounds (among which are a-LilO;, H1;O4,
and H,0) appear in the sequence of transfor-
mation—decomposition, and finally a mix-
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ture of tetragonal 8-LilO, and 1,05 is ob-
tained at 560 K. In spite of a relatively low
transformation temperature and difficulties
in obtaining large single crystals, the study
of the thermal behavior of the Li,_ H, 10,
structure is of fundamental interest since
this compound has been recently found to
be isotypic with a-LilQ, at RT (5}. Indeed,
the knowledge of the structural temperature
dependence of Li,_ H, 10, could be useful in
understanding some properties of hexagonal
lithium iodate related to the pH of the
growth solution that are particularly sensi-
tive to the H* impurity concentration, such
as dc ionic conductivity and anomalous di-
electric behavior at low frequency (6).

In Li H ;10;, our X-ray single crystal
and neutron powder diffraction structure re-
finements at RT have shown that the Li and
IO network is kept and that the hydrogen
atoms do not occupy the position of lithium
atoms in their sites (2a in Wyckoft notation)
but are randomly distributed in general posi-
tion (6¢ sites) with an occupation factor
0.33. Hydrogen is weakly bounded to the
two nearest oxygens, which allows the pyra-
midal 10, groups not to be distorted. The
analysis of ¢rystallization products obtained
from aqueous sotutions of LilO, containing
various amount of HIO; shows that Li,_,
H,IO, forms as a single phase only within
the limits 0.22 =< x = 0.36. The reasons for
these particular values of the limiting com-
positions are not yet understood.

The aim of our investigation, undertaken
by means of high-resglution neutron powder
diffraction, was first to complete the thermal
study of Li,_ H IO, below RT in order to
determine the whole domain of stability and
second to investigate the possible splitting
of hydrogen sites.

Experimental and Data Collection

The sample used in this experiment was
a finely ground powder of hexagonal rods
of Li,_ H, 10, obtained by slow isothermal
evaporation (7 = 303 K) of an aqueous solu-
tion containing LilO; and HIO, in the cor-
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rect stoichiometry (7). At RT the ¢/a ratio
of unit cell dimensions varies linearly with
the H* content (5). From the calculated
value of this ratio at RT, the x value for the
sample was established to be 0.34 within
an accuracy of 5%. The neutron diffraction
patterns were recorded on the D2B high-
resolution high-flux powder diffractometer
at the Institut Laue-Langevin in Grenoble.
The sample was enclosed in a cylindrical
vanadium container (10 mm in diameter) and
mounted in a cryofurnace. Data were col-
lected at a wavelength A = 1.5945 A in the
angular range 20 = 3° to 160° in steps of
0.025°. Measurement time was about 30 sec
per step. Al a given temperature the data of
the 64 counters spaced at 2.5° intervals were
summed using a conventional ILL program.
The sample was first cooled to 10 K at a
rate of 2 K min~'. Following the recording
of the diffraction pattern during 8 h at 10
K, the temperature was raised with regular
steps of 50 K up to 310 K. The pattern was
also recorded at two higher temperatures,
350 and 380 K, the latter being 18 K below
the expected beginning of the transfor-
mation.

Structure Refinements

The diffraction patterns were analyzed by
the Rietveld method using the Wiles and
Young profile refinement program (8). A
pseudo-Voigt function was chosen to gener-
ate the line shape of the diffraction peaks
and the background was fitted as a third
order polynomial simultaneously with other
instrumental and structural parameters. The
neutron scattering lengths were b(Li) =
—0.1900, b(H) = —0.3740, b(I) = 0.5280,
and A(O) = 0.5805 fm. As far as absorption
is concerned, two contributions have to be
considered: Li gives rise to a classical ab-
sorption which can be accounted using a
coefficient o(Li) = 63 x 107% ¢m? and H
causes an absorption resulting from its inco-
herent scattering and which can be evalu-
ated using a coefficient o(H) = 80 x 10~
cm?, From these values, a coefficient ©® =
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1.13 cm™! can be calculated. A direct mea-
surement of the sample absorption gives
w = 0.56 cm ™}, which is coherent with the
theoretical value which does not consider
the partial filling of the container by the pow-
der. If such an absorption, which corre-
sponds in this case to ur = (.28 (r is the
sample holder radius), is not taken into ac-
count, it will result an underestimation of
overall Debye—Waller factor B of 0.05 which
in our refinements is within the error (9).
Asymmetry corrections were applied for
angles less than 40°. Excluding the upper
and lower zones of the patterns, 121 hkl
reflexions corresponding to 68 independent
observed intensities were taken into ac-
count in the range 16° < 20 < 159°, Starting
with the atomic coordinates previously ob-
tained by X-ray single crystal refinement at
RT (5) and holding occupation factors fixed
at values determined by the stoichiometry
of the sample, refinements were carried out
in space group P6,. The Li, I, and O atoms
were allowed to vibrate anisotropically
while the temperature factor of H was re-
fined as isotropic. After a few cycles, re-
finements converged with reliability factors
Ry and R, in the ranges 3.4% to 5.7% and
3.7% to 4.2% respectively. A typical plot
is reported in Fig. 1 which shows the
agreement between the observed and calcu-
lated profiles at 10 K.

Results and Discussion

Assuming the location of hydrogen in a
single site (general position of the space
group), nine sets of structural parameters
were obtained from refinements at different
temperatures. Parameters and estimated
standard deviations {esd’s) are reported in
Tables I and II.

From 10 to 380 K the background of the
diffraction patterns increases slightly and
lattice parameters vary regularly without
any anomaly, which indicates no decompo-
sition of the sample. Indeed, neutron pow-
der thermodiffractometry experiments (3)
have shown that the first step of transforma-

CRETTEZ ET AL.

tion, which has been interpreted as the re-
lease of protons out of the lattice, consists
in a decrease of the background and drastic
variations of ¢ell parameters in opposite di-
rection (a decreases whereas ¢ increases),

Lattice Parameters and
Thermal Expansivity

The nine sets of hexagonal lattice con-
stants ¢ and ¢ were fitted by polynomial
regression analysis and yield the following
results expressed in terms of AT = (T —
295) K:

a(AT) = 5.5634 (1 + 20.2 x 1070 AT .
+9.19 x 107 AT? — 58.7 x 10712AT?) (A)

c(AT)=4.9538(1 + 70.5 X 107 AT .
+ 111 X 1072 AT? = 8.7 X 1072 AT (A).

The principal thermal expansion coeffi-
cients derived from these polynomials are

a,(AT)=20.2x 1075 (1 + 0.89 X 1073 AT
—-8.7% 1076ATY) (K™H

a AT) = 70.5 x 107°(1 + 3.1 x 10> AT
—0.69% 10 5AT) (K™,

These expressions give a better description
of the thermal expansivity than the constant
coefficients «, = 18 X 107 K™, @, = 80 x
1075 K~! obtained from the low resolution
neutron thermodiffractometry experiments
performed on the DIB diffractometer (3).
The variations of e, and «, vs temperature
are plotted in Fig. 2. Owing to the small
coefficient of AT? in «(AT), originating
from an almost parabolic shape of ¢(AT),
the e, parameter exhibits a quasi linear vari-
ation with temperature. For comparison,
the coefficients of pure @-LilO; in the same
temperature range (10} are also reported in
Fig. 2. The thermal expansion coefficients
of Li,_ H, 10, are of the same order of mag-
nitude as those of a-LilO, from 10 K up to
about 150 K but differ at higher tempera-
tures, especially along the polar axis. At 380
K, e (Li,_H,I10,) = 86.6 x 107* K~! while
e, (LilQ,) = 52.5 x 107° K ', Nevertheless
the volume expansion coefficient (the sum
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FiG. 1. Neutron diffraction profile of Li;_,H 105 at 10 K. Crosses are the raw data points; the solid
line is the best fit profile. The difference plot (observed — calculated) appears at the bottom. The tick
marks below the profile indicate the positions of allowed reflections included in the calculation.

TABLE 1

LATTICE PARAMETERS AND REDUCED ATOMIC COORDINATES IN Li,_ H 10; FroM HiGH RESOLUTION
NEUTRON POWDER DIFFRACTION

Temperature {K)

T 10 60 110 160 210 260 310 350 380
Lattice parameters (43&)
a 5.54294(4) 5.54411(4) 5.54647(4) 5.54984(4) 5.55434(4) 5.55946(4) 5.56541(4) 5.56981(5) 5.57293(5)

¢ 4.90019(7) 4.90243(7) 4.90795(7) 4.916427) 4.92896(7) 4.9435(7) 4.95688(8) 4.97479(9) 4.98821(9)
Lithium (x10%
z —43(3) —47(3) —49(3) —44(3) —41(3) =52(3) =57(4) —63(4) —=57(5)
Hydrogen (x 10°)
x 293(3) 293(3) 290(3) 284(3) 288(3) 293(3) 293(%) 286(4) 283(4)
53(3) 53(3) 51(3) 53(3) 53(3) 58(3) 63(3) 48(4) 45(4)
z -532(2) -530(2) —532(3) ~-537(2) =537(2) —541(2) —547(2) —541(3) —540(3)
Oxygen (x10%
x 3529(2) 3529(2) 3530(2) 3533(2) 3535(2) 3536(2) 3536(2) 3540(2) 3539(2)
2654(1) 2653(1) 2650(2) 2649(2) 2648(2) 2644(2) 2639%(2) 2642(2) 2640(2)
F4 1780(4) 1776(4) 1766(4) 1753(5) 1746(5) 1743(5) 1741(5) 1732(6) 1719(6)
Reliability factors (%5}
Ry 3.53 342 3.87 4.18 4.30 4.07 5.17 5.51 5.66
R, 417 3.98 4.00 4.08 4.06 3.72 3.83 3.99 3.90

Note. Liis at (0, 0, z), T at (4 %, 0), O and H at (x, ¥, z) in #6;. The occupancies of Li and H are fixed to
0.66 and 0.34 respectively. The reliability factors **R-nuclear’” and **R-profile’” are reported at the bottom of
the table.
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TABLE II

ANISOTROPIC THERMAL PARAMETERS ASSOCIATED TO Li, I, O AToms Grven IN TasLe I 1~ Li;_ H,IO,
From HiGH REsoLUTION NEUTRON POWDER DIFFRACTION

Temperature (K)

T 10 60 110 160 210 260 310 350 380
Lithium (x10%
B &) S(1) 8(1) (1 91 8(1) 11 16(2) 19(2)
B33 47(2) 48(2) 5202) 60(2) 61(3) 67(3) 78(3) 82(4) 91(4)
Hydrogen (A3
Bio 1.57(18) 1.55(17) 1.54(18) 1.35(18} 1.50(18) 1.55(18) 2.27(23) 2.99(30) 3.71(34)
Iodine (< 10%

B 64(5) 74(5) 85(5) 104(5) 121(6) 135(5) 152(6) 169(6) 178(7)
B 177(3) 185(3) 199(3) 227(4) 221{(4) 222(3) 233(4) 261(4) 271(4)
Oxygen (x10%

Bn 64(2) 77(2) 86(2) 98(2) L18(3) 138(3) 154(3) 179(3) 196(4)
B2 120(3} 132(3) [49(3) 176(4) 205(4) 230(4) 253(4) 287(5) 313(6)
B 2712) 285(2) 298(2) 317(2) 340(2) 361(2) 385(2) 413(2) 422(2)
B 41(3) 49(3) 56(3) 69(3) 80(3) 91(3) 99(3) 117(4) £30(4)
Bi5 516} 50(6) 44(6) 38(7 537 49(7) 40(7) 49(8) 52(8)
By —15(5) —13(5) —20(5) —25(6) =27(6) —30(6}) —35(6) —=34(7) —33(7)

Note. The temperature factor of H is isotropic; the general anisotropic temperature factor expression is
expl—(Byh? + Bk’ + Bsyl® + 2Bpkk + 2Bkl + 2Bnkt).
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F1G. 2. Principal thermal expansion coefficients of
Li,_ H,[0O, vs. temperature. Dotted lines represent the
same parameters for e-Lil0O, (Ref. (I()).

of the principal thermal expansion coeffi-
cients) is of the same order of magnitude
above RT for both compounds owing to a
balancing effect originating in the opposite
relative magnitude of the principal thermal
expansion coefficients.

Atomic Coordinates

The variation of z(Li), z{0O), and z(H) co-
ordinates with temperature, of particular
importance in interpreting the pyroelectric
effect of Li,_ H, 10, (not vet measured to
our knowledge), is shown in Fig. 3 in terms
of atomic distances along the polar axis of
the nearest atoms relatively to iodine in
fixed location (z(I) = ). As in «-LilO;, the
spacing along the ¢ axis of O with respect
to I in the solid solution decreases when
rising temperature (/7). QOwing to the error
bars, the variation is considered as linear
(rate —4 x 107° A K™") over the whole tem-
perature range. In contrast to ea-LilQs,
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Fi1G. 3. Atomic positions (referred to todine) along the
polar axis of Li,_ H,0; as a function of temperature. A
few error bars corresponding to =1 estimated standard
deviation are given.

where the spacing of Li relative to I in-
creases regularly according to a parabolic
variation, in Li;_ H IO, this spacing is al-
most a constant in the range 10-210 K, then
increases drastically at the rate 55 x 1077
A K. The relative distance of hydrogen
increases regularly from 10 to 310 K, then
decreases.

Bond Lengths and Atomic Coordination

Selected interatomic distances and angles
are reported in Table III. The short I-O
distance within the IO; pyramid is not cor-
rected for thermal motion. The effect of this
correction, assuming O riding on I, would
be to reduce the apparent decrease of the
I-0O bond length upon increasing tempera-
ture and to yield a constant value of 1.808(1)
A over the whole temperature range (I1).
The {O-I-O bond angle increases very
slightly (13 x 107*° K~!) with rising temper-
ature, this being due to the decrease of the
oxygen-~iodine spacing along the ¢ axis, the
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I-0 distances remaining constant. As in c-
LilO;, the 10, group is rigid and its shape
and dimensions are almost temperature in-
dependent. The I atomis also linked to three
other O atoms. The long I—O bond of par-
ticular importance to verify the valence sum
rule increases at a rate 15 x 107° A K~!
between 100 and 350 K, whereas the
{O—I—0O angle decreases (—22 x 107*
°K-". It must be noted that the I—O dis-
tance in Li, H IO, is shorter than in -
LilO;: 2.809 A and 2.907 A, respectively,
at 295 K. This is related to the fact that the
relative decrease of the ¢ lattice parameter
(4.49%) is larger than the increase of a (1.65%).

Lithium is octahedrally coordinated by
oxygens. Within each LiO; coordination
polyhedron the two sets of lithium-oxygen
bond lengths (Li-O and Li—O) are not very
well defined (esd’s = 0.01 f\), which reflects
the small overall contribution of Li to the
diffraction pattern as compared to the other
atoms, and their variations are correlated to
the shift of the z(Li) atomic displacement
within the relatively rigid framework of
10, groups.

The hydrogen atom is located approxi-
mately along the line joining two oxygen
atoms belonging to two different 10, groups,
but is not exactly in the middle of this line.
The (O—H—O angle is practically constant
(175%). The thermal evolution of the short
O-H and long O—H distances consists in
variations in opposite directions for the
same reason as for the two types of lith-
ium-oxygen distances. The general trend of
the O—-H—O bond is to become more and
more symmetric from 10 to 300 K, then to
restore its low temperature configuration in
the range 310-380 K.

Amplitude of Thermal Vibration

The isotropic thermal parameter B, of
hydrogen and the anisotropic temperature
factor coefficients for Li, I, and O are re-
ported in Table II as 8; and correspond to
the definition given in the table caption.
These dimensionless B8; elements are de-
fined with respect to the oblique hexagonal
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TABLE Il
SELECTED INTERATOMIC DIsTANCES (A) AND ANGLES (") N Li;_,H IO,

T(K) 10 60 110 160
I-0 1.809(2) 1.808(2) 1.806(2) 1.803(2)
{0-1-0 98.7 58.8 98.9 9.0
I—0 2.773(2) 2.775(2) 2.782(2) 2.789(2)
{O—I—0 908 90.8 90.7 90.5
Li-O 2.070(8) 2.080(8} 2.084(8) 2.070(8)
Li—O 2.232(%) 2.222(9) 2.2200% 2.242(9)
0-H 1.253(8) 1.244(8) 1.247(10) 1.278{8)
O0—H 1.767(8) L.777(7) 1.778(9) L7537)
O-H—0 176.4 176.8 175.6 173.2

210 260 310 350 380

1.802(2) 1.803(2) 1.804(2) 1.804(2) 1.803(2)

9.1 9.1 9.0 99.1 93.2
2.796(3) 2.803(3) 2.811(3) 2.818(3) 2.826(3}

90.4 90.3 90.3 50.0 83.3
2.064(8) 2.094(8) 2010010y 2.129%(11)  2.111(14)
2.257(9) 2.228(10) 2217012y 2.208(12)  2.232(15)
1.274(8) 1.303(8) 1.346(8) 1.283(11) 1.270(12)
1.763(7) 1.73%(7) 1.702(7) L7710} 1.797(10)

174.7 176.4 176.1 173.8 172.9

crystal axis system. A local program based
on the transformation given in Ref. (12)
allows the conversion of the g8 matrix into
a Cartesian system of axes. The solution of
the eigenvalue problem of the latter matrix
yields the mean-square displacements of
atoms along the principal axes of the thermal
ellipsoids and to the orientation of these
axes relatively to any chosen direction. The
mean-square amplitudes of vibration, aver-
aged over all directions for each atom
({t®,y ), are shown in Fig. 4. They are
defined as one-third of the sum of the eigen-
values of the matrix expressed in the
Cartesian axes. This definition is used even

oy —— 1 7
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FIG. 4. Average isotropic mean square amplitudes
of thermal vibration in Li;_,H,I0, as a function of tem-
perature.

when the thermal ellipsoid is significantly
different from a sphere, i.e., even when the
principal axes are different in length.

As expected, the mean square amplitude
of vibration of the heavy iodine atom is the
smallest among the four atoms and increases
slightly with temperature (%), 4, = 21 X
107> A? at 295 K). Its thermal ellipsoid of
revolution around the ¢ axis is slightly elon-
gated along this direction. The ratio of the
lengths of the principal axes is (.78 at 295
K and almost temperature independent.

The thermal ellipsoid of oxygen (the axes
of which are significantly different at low
temperature) is less elongated at high tem-
perature; its shortest axis lies approximately
along the short I-O bond. For this atom
(i gie. = 31 x 1072 A at 295 K and the
thermal evolution of this parameter is regu-
lar and similar to that of iodine.

The thermal ellipsoid of lithium is very
elongated along the ¢ axis; the ratio of the
lengths of the principal axes is 0.38 at RT
and nearly temperature independent. The
mean square amplitude of vibration in-
creases slowly from 10 K to about 250 K,
then more rapidly ({34, = 39 X 1073 A2
at RT). It must be noted that {u?),, 4, of I,
O, and Liin Li,_,H, IO, are found to follow
similar thermal behavior as in «-LilO, (17)
but with systematically larger vaiues.

The mean-square amplitude of vibration
(Bi,,/87?) associated to the isotropic thermal
parameter of hydrogen has the constant
value 19(1) x 1073 A? between 10 and 260
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K, then increases drastically up to 47{4) x
10-3 A? at 380 K. This has to be related
to the approach of the decomposition tem-
perature (398 K) where protons begin to
leave the lattice. Nevertheless it is surpris-
ing to find so small an amplitude of vibra-
tion at low temperature (about that of
oxygen) for such a light atom; this point
is discussed later.

Splitting of the Hydrogen Site?

In addition to the previously determined
H site, a new site denoted by H' in general
position of P6; was included in the input list
of the structure refinement program to take
into account a possible split hydrogen site.
For both hydrogen atoms a common iso-
tropic temperature factor was fixed; each
occupation factor was allowed to vary but
the sum was constrained to the chemical
composition x = (.34. We choose to test the
site H' shown by stars in Fig. 5a, i.e., the
site chemically similar to H, having the same
z coordinate as H, but located between two
other oxygens. Starting from approximate
coordinates for this site, the refinement
gives reliability factors similar to the case
of a single hydrogen site; the H site coordi-
nates as well as coordinates of other atoms
retain the initial values within one esd,
whereas the H' position is shifted from the
expected site, poorly defined (esd’s of H’
coordinates are about 10 times esd’s of H)
and its occupancy is low (5 times lower than
that of H). It can be concluded that the oc-
currence of another H' site is highly ques-
tionable. It must be noted that the H and
initial H' sites are not crystallographically
equivalent; in particular, their distances to
the nearest iodine atoms are not the same
owing to the rotation of 10, groups around
the ¢ axis (angle # in Fig. 5b). This rotation
of 17.9° at RT (15.2° in a-LilO,)} away from
the more symmetrical configuration corre-
sponding to 8 = 0 explains that the six *‘ver-
tical”” edges of the oxygen octahedron
around a given lithium site are not equiva-
lent but split into two sets, although of
same length.

@ Iodine

O Oxygen 2] Hydrogen site H

¢ Lithium site # Hydrogen site H'

F1G. 5. Schematic representation of the structure of
Li,_ H,IO;. The numbers within or near the circles are
the z reduced coordinates multiplied by 100 at 10 K.
(a) Projection in a plane containing the ¢ axis. Stars
denote the tentative hydrogen sites H' tested in the
refinements. (b) The corresponding unit cell viewed
along the ¢ axis and showing the complete nearest
environment of the lithium site.

Conclusion and Comments

High resolution neutron powder diffrac-
tion data, which give more accurate nuclear
positional and mean-square displacement
parameters than X-rays, particularly for
light atoms in the presence of heavy atoms,
have been used to investigate the thermal
behavior of the structure of the Li,_,H,10,
solid solution.

A structural model taking into account a
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split H site with a common isotropic temper-
ature factor has been tested, but found to
be inconsistent.

Structure refinements with an anisotropic
temperature factor for hydrogen have been
performed. Six 8; coefficients were then re-
fined for the hydrogen atom in general posi-
tion and have been reported at room temper-
ature in Ref, (5) for an equivalent H site.
In this case the reliability factors are low-
ered by a nonsignificant amount in spite of
the addition of five new parameters; this
means that these new parameters are not
statistically significant. Furthermore, when
the esd’s of 8; are taken into account it is
found that the precision of the thermal eltip-
soid characteristics is poor and that one ei-
genvalue is always negative for T = 260 K.
This eigenvalue is small compared to the
two others; nevertheless, such a structural
model also has to be turned down.

The small number of independent reflec-
tions (68) does not allow the use of a refine-
ment program in which anharmonic thermal
vibration factors are introduced. To get
more reflections it would be necessary to
grow a single crystal iarge enough for neu-
tron diffraction, but up to now our attempts
have always failed.

Nevertheless some clear structural fea-
tures have been shown. The solid solution
does not contain water molecules as pre-
viously mentioned by Hamid et al. (7). No
first order phase transition occurs in the
temperature range 10 to 380 K and the hex-
agonal space group P6, seems confirmed.
Cell parameters increase regularly with ris-
ing temperature and the thermal expansion
coefficient along the polar axis is much
larger above 100 K than in -LiHO;. In Li,_,
H,10,, lithium atoms occupy at random
(1 — x} of their a-LilO, positions (Wyckoff
site 2a), the probable location of protons
corresponds to a random distribution in one
type of general position (6c) with the occu-
pation factor x. On the basis of Raman spec-
troscopy Barabash et al. (13) recently ascer-
tained that the system behaves as a protonic
glass. The presence of layers of statistically
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disordered protons between negatively
charged laryers of IO, ions in planes perpen-
dicular to the z axis is responsible for the
shortening of the ¢ lattice parameter as x
increases. In addition, it is the source of a
softer behavior than in «-LilO, along the
polar axis, as reflected by the thermal
expansion coefficient, and is related to the
more important response under stress; this
must be of basic importance in interpreting
the strong piezoelectric effect of this ma-
terial.

We previously mentioned that the iso-
tropic thermal parameter of hydrogen was
abnormally small at low temperature. A pos-
sible interpretation, in connection with the
failure of the refinement with an anisotropic
temperature factor for H, would be the exis-
tence of two types of hydrogen atoms in the
structure; the first type being bound, the
second almost free in the lattice. Therefore
only an average feature would be obtained
from the refinements.

Disregarding hydrogen atoms, the main
differences between a-LilO; and Li, . H,10;
in the thermal behavior of the structure are
a shift above 210 K of the lithium position
relative to the nearest layer of iodine atoms
and a thermal ellipsoid of Li elongated along
the c-axis, which are not observed in a-
LilO;. The shift of the Li position (about
6 x 10~* A K~! above 210 K) must induce
large variations in the ionic contribution to
the spontaneous polarization and so in the
pyroelectric effect.

The gquasi-one-dimensicnal ionic conduc-
tivity of a-LilO, has been interpreted by
considering two kinds of carriers (/4): on
one hand, interstitial Li ions hop among in-
tersites in zigzag channels along the ¢ axis
and on the other hand, Lt vacancies ex-
change positions with Li ions at lattice sites
also along the ¢ axis. Such a mechanism
seems also suitable to interpret the electrical
conduction of the solid solutions. Indeed,
the larger the mole fraction x, the lower the
conductivity (7). It is reasonable to assume
that the presence of protons impedes the
jumping of carriers within the zigzag chan-
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nels. Furthermore, the occurrence of Li va-
cancies along the ¢ axis, resulting from an
occupation factor of the Li site smaller than
unity, acts in favor of a predominating pro-
cess of linear channels.

Finally, it must be noted that near room
temperature and above, the structure of the
solid solution appears to be strongly temper-
ature sensitive, as evidenced by the thermal
evolution of lithium and hydrogen parame-
ters; this may be regarded as a disadvantage
for technological applications under usual
conditions,
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