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Ferroelastic order parameter and W’ domain walls in A,LiH 5(SO,), (A=NH,, Rb, K)
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High-resolution neutron powder diffraction was used to study the lattice parameters of three crystals:
Rb,LiH3(SOy), (RLHS), deuterated ammoniufiNH,)4LiH 3(SOy)4 (ALHS), and KiLiH5(SOy), (KLHS) in a
temperature range from 5 to 250 K. For RLHS and ALHS a continuous ferroelastic phase transRiavas
detected at 134 and 234 K, respectively. KLHS was found to show monoclinic symmetry in the whole
temperature region studied. Using the structural data obtained, it was possible to calculate the temperature
behavior of spontaneous stragg and its componentse(,;—e,,) ande;,. This allowed the calculation of the
possible temperature changes in the orientatioWbflomain walls. The “pinning energy” modification of the
free energy expansion was introduced to explain the discrepancy between the measured temperature depen-
dence of the order parameter and that expected in the Landau approxi&6d63-182@07)14417-4

I. INTRODUCTION cooling, consistent with a Curie-Weiss law.
Data on the ferroelastic domain structure of ALHS and

Almost all crystals of the general formula RLHS were provided by studies performed with a polarizing
A,LiH4(BO,),;, where A=Rb, NH, K and BO,=SO, or  microscope?® The observed domain pattern consisted of two
SeQ, undergo structural phase transitibn's from the pro-  types of mutually perpendicular walls rotated about #he
totype tetragonal point group 4 to the low-temperature feraxis by about 33%ALHS) and 35° (RLHS) (see Fig. 1
roelastic point group 2. TheFR transition is accompanied From our observations it appeared that these walls did not
by the appearance a¥'-type domain walls in the ferroelas- rotate on cooling the sample down to 100 K bel@y. On
tic phase, softening of the elastic constapd on both sides  the other hand, Knitet all’ found a slight reorientation of
of the transition, and the onset of an elastic order parametefe ALHS walls(by about 0.02°/K. The possible orientation
namellyz, lgpontaneous stragy of the form es=(€11-€2)  of W’ walls was also calculated for ALHS using the results
Tep. . . ~ of Brillouin scattering studie¥ From the known compo-
~ Recently, a number of papers have described investiga;ents of the elastic moduli coupled to the spontaneous strain,
tions of crystals of this family: for example, the results of j; \vas found thafl, domains were inclined at 33° to the
Brillouin scattering studies of RhiH5(SOy, (RLHS) and  5y4is |n the case of KLHS, the ferroelasticity was not con-
K4LiH5(SOy)4 (KLHS) have been reportetf A characteris-  firmed and the only indication of a low-temperature phase
tic feature of RLHS revealed by these studies was the incomygnsition was a slight change in slope of the velocityLof

plete softenipg of the elastic constan. Both the. incom- phonons versus temperature at about 11% K.
plete softening ofc,5 and the crossover behavior of the

P<(T) function have been successfully explained in terms of
a theoretical model based on the mean-field approximation.

The ferroelasticity in ammonium(NH,),LiH (SO, 4 ALHS vt RLHS
(ALHS) has been reported by Polomskaal* who ob- Z={} 2=}
served ferroelastic domain walls below 230 K. The ferroelas-
tic character of the phase transition in ALHS was later con-
firmed by studies of their thermal and elastic properties, /
carried out using the torsion vibration techni§uand in o o
Brillouin experiments:! With the latter technique it was pos- ¢=33 o ¢=35 _
sible to measure the temperature dependence of the elastic x <
constant coupled to the order parameter and then calculate
the temperature behavior of the soft elastic constggt FIG. 1. Schematic drawing o' domain wall orientation for

Unlike in RLHS, the constartd,s of ALHS vanishes aT.on  ALHS and RLHS just belowl .
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Raman scattering was used to study the lattice vibrationperature, lattice parameters, differential thermal-analysis
in single crystals of KLHS and RLH¥. For RLHS, it was (DTA) signals, and elastic properties of the deuterated
found that two modes d8 symmetry in the paraelastic phase samples.
showed some critical behavior. The most interesting was the High-resolution neutron powder diffraction data have
band at 31 cm?!, which showed slight softening while ap- been collected for ALHS, RLHS, and KLHS in wide tem-
proachingT,. from above. In addition, the polar modes of perature ranges. The main point of interest was the tempera-
A and E symmetries were found to be better separated foture behavior of the lattice parameters in the ferroelastic
KLHS than those for RLHS, which may be due to a higherphase. The DUALSPEC C2 Powder Diffractometer, located
dispersion of TO and LO mode frequencies. This occursat the NRU Reactor at Chalk River Laboratories, was used in
when long-range forces are favored over short-range onethie studies presented. The 800-wire detector subtended a
Such dominance of the long-range forces may be the latticescattering angle of 80° with 0.1° wire spacing. The wave-
stabilizing factor that makes the formation of the ferroelastidength of the neutrons selected by &5Sil) monochromator
phase in KLHS difficult or perhaps impossible. was 1.505 A. Neutron diffraction profiles were measured for

The structural data of,LiH 3(SQy), crystals indicate that scattering angles from 5° to 121° in 0.05° steps. The data
their common high-temperature prototype symmetry is thevere analyzed with the Rietvald analysis prograsas?

P4, tetragonal space group, whereas the low-temperature
ferroelastic phase is characterized by a monoclinic distortion
in the XY plane(space groug?2;). The results of an x-ray lll. EXPERIMENTAL RESULTS AND DISCUSSION

investigation of the crystals have been restricted to a few The discussion of our results of neutron scattering studies
temperatures of the prototype and low-temperature phasgg ALHS and RLHS crystals will be based on the RLHS
(see Zunigaet al?) or the temperature ranges of the phasecrystal as the example, since for this material there is also
investigated were too narrow to obtain credible fits of Criticalextensive X-ray data. The approach proposed for this material
exponents? has been successfully applied, with a slight modification, to
There are a few methods for the determination of the abaHS. Finally, we shall present the results of structural in-
solute value of spontaneous strain appearing in the ferroelagestigations of KLHS for which a ferroelastic phase transi-
tic phase® (i) direct measurements of elastic hysteresistion has not been observed in the studied temperature range.
loop, (i) thermal expansion studies, afii) structural inves- The room-temperature structure of the RLHS compound
tigation. The sensitivity of the first method depends stronglyhas been determined by Zunigaal® and Pietraszko and
on the form of spontaneous strain, and in the case veQén | ukaszewic? from single-crystal x-ray diffraction as well as
a two-component quantity, the reliability of such measurepptical activity measurements. The authors found that at
ments becomes questionable. The same reservation appligfom temperature its structure is tetragonal with space group
to the second method. The powder diffraction method isp4, . In analyzing the present neutron diffraction data, the
most Suitable fOI’ the determination Of the multicomponentatomic positions determined by Zuni@ al. were used as
order parameter provided that the sample is powdered finelyye initial values. Since the positions of the three H atoms
enough to exclude the effect of its domain structure on theould not be determined by the x-ray diffraction
quality of the recorded spectra. measurementsye have determined these positions from the
In this paper we report results of high-resolution neutronRijetveld analysis on the present neutron diffraction data on
powder diffraction studies of\,LiH3(SOy), crystals(where  the tetragonal phase RLHS. In the Rietveld fit, it was not
A=Rb, NH,;, and K). The technique used in our experiment possible to vary the temperature factors for the different at-
allowed the lattice parameter studies in a very wide temperapms, and thus we assumed that the low-temperature tempera-
ture range(5-250 K. With the results obtained we deter- ture factors for the constituent atoms in RLHS are propor-
mined the temperature behavior of the spontaneous straiibnal to those determined by x-ray diffraction at room
es and its componentse;;—e,, and e1,). The correlation  temperature averaged over the same type of atoms, and only
between the domain wall orientation and the temperaturgne temperature factor for the H atoms was varied. In this fit,
changes of spontaneous deformation is discussed. We sugihe |attice parameters, background function, scattering angle
gest that KLHS has monoclinic symmetry at room temperazero position, profile parameters, and the scale factor were
ture; however, the temperature range of the prototype phasgried. Attempts to further refine the positions of Li or O
is still an open question. atoms, previously determined by the x-ray diffraction mea-
surements by Zunigat al.® were not successful. For tem-
peratures between 140 and 167 K, good fits to the data
(Ry=2.90-3.19 %) were obtained for the tetragonal space
Crystals of ALHS, RLHS, and KLHS were grown isother- group P4, . Since the single-crystal x-ray data on RLHS by
mally at 310 K by the dynamic method from the acid aque-Zunigaet al? indicated the presence of a small fraction of a
ous solution pH<1) of the appropriate initial salts in sto- phase with space group4,, the data were also analyzed
ichiometric proportiorf® Since (NH,),LiH 3(SO,), contains  including a component witlP4; space group. However, in-
19 hydrogen atoms per molecule, it is impossible to obtairclusion of this component worsened the fit, indicating that
good quality coherent scattering data. To be able to make ththe structure is a single phase with space grédp. The
analysis reliable, it was necessary to grow fully deuteratedractional atomic coordinates and isotropic mean-square dis-
samples. Full replacement of H by D atoms was achieved bplacements in the tetragonal phase RLHS at 170 K are given
the use of BSQ,, (ND,),SO,, D,O, and L,CO;. No signifi-  in Table I.
cant isotopic effect was detected in the phase transition tem- We have also attempted to determine the low-temperature

II. EXPERIMENTAL PROCEDURE
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TABLE |. Fractional atomic coordinates and isotropic mean-  TABLE Il. Fractional atomic coordinates and isotropic mean-
square displacements £} U= %(u2>, in tetragonal phase RLHS square displacements &f U= %<u2>, in monoclinic phase

at 170 K. RLHS at 5 K.
X y z Uso X y z Uso

Rb(1) 0.06452) 0.88532) 0.7180@5) 0.01635) Rb(1) 0.616@2) 0.36522) —0.0451(5) 0.01®)
Rb(2) 0.36522) 0.384@2) 0.704915) 0.01635) Rb(2) 1.11472) 1.06452) —0.0320(5) 0.01®)
Rb(3) 0.52912) 0.97512) 0.083435) 0.01635) Rb(3) 1.22712)  0.48082) 0.07364)  0.0102)
RI(4) 0.22712)  0.48082) 0.073564) 0.01635  Rb4) 0.52912)  0.97512) 0.08345)  0.0102)
S(5) 0.462G4)  0.12454) 0.204599) 0.01235 SO 1.12434)  0.538@4)  —0.0454(9)  0.00@)
0(6) 0.5751) 0.2551)  0.225G3)  0.02135) gg 15333 g-ggg :8-8;22(2) 8-81(%
o) 03711 02091 016183 002135 O oD ocet) _0-0168E3; o010

o(8) 0.3191) 0.07711) 0.23323)  0.02135) : : : :
B 0O(9) 0.9781) 0.4391) —0.0638(3) 0.01@)
o(9) 0.561(1) 0.022(1) 0.186@)  0.02135) S(10) 0.58933) 0.87784) —0.0437(9) 0.00@)
S(10) 0.41073) 0.12224) 0.456319) 0.01235) o(11) 0.6591) 0.7471) ~0.0133(3) 0.01@)
882 82‘5"23 g-gggg g-jgig g-gig 0(12) 0.7441) 09721 -0.0657(3) 0.01@)
: . : : 0o(13 0.4901) 1.0061) —0.0207(3) 0.01®@)
O(13) 05141  —0.006(1)  0.479@)  0.02135) (14 0.4941)  0.7941)  —0.0803(3) 0.01@)
O(14) 0.5061) 0.2061)  0.41973)  0.02135)  g(15) 0.69734)  0.462Q4) 0.083@9)  0.0082)
S(15 0.03614) —0.0053(4) 0.08668) 0.01235) 0(16) 0.5991)  0.6071) 0.10033)  0.0132)
0(16) 0.17q1) 0.1081) 0.06643)  0.02135) 0o(17) 0.8451)  0.5111) 0.05643)  0.0132)
o(17) 0.1301) —0.154(1) 0.1088)  0.02135) 0(18 0.7741) 0.3731) 0.12663) 0.0132)
0(18) —0.059(1) 0.087) 0.12213) 0.02135) 019 0.5881) 0.3321) 0.06023) 0.0132)
0(19  —0.087(1) —0.068(1) 0.052®) 0.02135) S(20) 1.03614)  0.99474) 0.08678)  0.0082)
S(20) 0.538@4) 0.69734)  0.333039) 0.01235) 0(21) 1171  1.1081) 0.06643)  0.0132)
0(21) 0.3931) 0.5991) 0.35033)  0.02135) 0(22) 1.13q1)  0.8441) 0.10883) 0.0132)
0(22) 0.4891) 0.8451) 0.30643) 0.02135) 0O(23 0.9411) 1.08711) 0.12213) 0.0132)
0(23) 0.6271) 0.7741)  0.37663) 0.02135  O(24 0.9131)  0.9321) 0.05223)  0.0132)
Li2s)  0.2792) 08692)  0.27047)  0.01435) Eg% g-égig g-g’%ﬂl((j; ‘8-‘1)2{%) 006%03
H(26) 0.2934) 0.3114) 0.16849) 0.0148) H(28) 0'0754) 0.8014) 0'15](1) 0'00512)

H(27) 0.8314) 0.2774) 0.12149) 0.0148) ' ' ' '
H(28) 0.0754) 0.8024) 015119  0.0148) Rb(29) 0.6291) 0.6181) 0.2001) 0.0102)
) ) ) ' Rb(30) —0.070(1) 1.1121) 0.2131) 0.0102)
Rb(31) 0.5131) 1.2281) 0.3191) 0.0102)
monoclinic structure of RLHS from the observed neutronR232 0.0191) 0.5271) 0.3291) 0.0142)
powder diffraction intensities. The atomic positions in the 0.4561) 1.1251) 0.2001) 0.0082)
tetragonal unit cell were used as the initial data. As the te 934 0.5692) 1.2512) 0.2201) 0.0132)
tragonal space group4,; contains a fourfold screw axis 039 0.3712) 1.2092) 0.1571) 0.0132)
along thez axis, the unit cell contains four layers of RLHS 0(36) 0.3132) 1.0712) 0.2291) 0.0132)
molecules. The monoclinic space gro®2,, on the other 0(37) 0.5552) 0.9802) 0.1821) 0.0132)
hand, allows only a twofold screw axis along thisaxis. g(éfg) 8;5{(3 g'gggg 8;2;3 8'8222
Since the monoclinic unit cell also contains four RLHS mol- (40) 0'022{2) 0'742{2) 0.18(11) 0'0132)
ecules, as shown by the present neutron diffraction measur 41 _0'012(2) 648(72) 0'2231) 0'0132)
ments, the lowering of the screw axis symmetry from 4 to 20(42) 0‘20(12) 0 '4932) 0‘1631) 0‘0132)
leads to the second- and fourth-layer atoms being slightl)é(43) _0'001(1) 1'0341) 0'332{1) 0.0082)
displaced from their tetragonal positions. o4 _0'114(2) 1'16@ 0'312{1) 0'0132)
We assumed that in the monoclinic structure the position (45) 0'1432) 1 i2q2) 0'3541) 0'0132)
of the second and fourth-layer atoms constituting the RLH (46) _0'093(2) 693&) 0.367(1) 0'0132)
molecule transform as a rigid body. Various possible dis'0(47) 0.062{2) 051](2) 0'295{1) 0'0132)

placements of the rigid body origin as well as various pos-, ' ' ' '

. ) o ; S(48) 0.5341) 0.6991) 0.3281) 0.0082)
sible rotations of these rigid molecules were then tried. AO(49) 0.3872) 0.5992) 0.3461) 0.0132)
significant improvement in the fi{R,=4.42 versusR, 0(50) 0.48:{2) 0.846(2) 0'302{1) 0'0132)
=4.58 was obtained when the origin of the tetragonal COOr51) 0:62](2) 0:7762) 0:372{1) 0:0132)
dinate system is moved by 0.045(10) A along the axis, 0(52) 0.6622) 0.5902) 0.3061) 0.0132)
—0.020(9) A along the axis and—0.137(16) A along the Li(53) 0'289(1) 0'8431) 0'27q1) 0'009(2)
z axis. The fractional atomic coordinates and isotropic meangy(s) 0:6844) 0:2934) 0:1642) 0:005{2)
square dlsplacements in the monoclinic phase RLHS at 5 I§|(55) 0.7174) 0.8344) 0.3672) 0.0092)
are given in Table II. H(56) 0.1924)  1.0744) 0.3962)  0.0092)

In Figs. 2 and 3 we present the lattice parameters and
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FIG. 3. Lattice parameters of deuterated ALHS vs temperature.
FIG. 2. Lattice parameters of RLHS vs temperature.
rather insensitive to temperature: We obtained 1.68°
monoclinic angles of RLHS and ALHS calculated from our +0.08° for 105 K and 1.65*0.08° for 125 K in the Ri-
neutron spectra. The standard deviations are less than tlkevald analysis. The observed temperature dependences of
diameter of the circles representing the data. For the ALHShe lattice parameteis, b, andc and the monoclinic angle
crystal, the NI molecule was approximated as an atom lo-are shown in Fig. 4.
cated at the Rb site with the scattering length corresponding From a comparison of these results with the results of
to the ND, molecule. This approximation is adequate for ourBrillouin scattering studies of KLHS it may be concluded
purposes since the size of the NDolecule (2.06 A) is  that this crystal in low temperatures undergoes an isostruc-
comparable with that1.47 A) of the Rb atom. It is evident tural phase transition inside the monoclinic phase. However,
that both materials undergo a continuous phase transitiothe existence of the paraelastic tetragonal prototype is ques-
with a typical splitting of thea andb lattice constants below tionable since our thermal expansion studies performed at
T.. The monoclinic angley of RLHS and ALHS shows a higher temperatures did not reveal any critical behatfior.
critical behavior reaching the values of 0.40° and 0.70°, re-

spectively, at 60 K belowl . In the case of ALHS, a slight IV. SPONTANEOUS STRAIN CALCULATION
anomaly of thec-lattice constant af . was observed. '
For KLHS both tetragonalspace groug”4,) and mono- Let us calculate the spontaneous strain resulting from the

clinic (space grougP2,) fits were tried for all temperatures group-subgroup relation for the case of a>2 ferroelastic
between 4.2 and 250 K. In the tetragonal fit, atomic positiongransition. The symmetry elements of point groups 4 and 2
were assumed to be the same as those for RLHS. In thare

monoclinic fit, the second- and fourth-layer atoms, i.e., the

second- and fourth-layer KLHS molecules, as shown in Fig. 4 {4#=244°=1} paraelastic,
1 of Zunigaet al,’ were assumed to be displaced slightly
from their tetragonal positions as a rigid body as was done 2 {2,2=1} ferroelastic. 1)

for the Rb compound.

Significant improvement in the fit was obtained for the
monoclinic symmetry when the second- and fourth-layer,
molecules, shown in Fig. 1 of Zuniget al, were rotated
counterclockwise as a rigid body about the tetragonaxkis
by 1.7°. The reliability factors for this monoclinic structure
(Rw=5.25-6.64 %) are significantly better than those for
the tetragonal structurd=(,=5.90—7.29 %) for all tempera-
tures between 4.2 and 250 K. The degree of this counter- e(sy) = €2 0 |. (2
clockwise rotation about the tetragonaaxis appeared to be €33

The number of elements of paraelastig) and ferroelas-
tic (n¢) groups gives the expected number of the orientation
states of the low-temperature phase. In our agstn;=2.
The strain tensor of the monoclinic group 2 has the form

en €ep O
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FIG. 4. Lattice parameters of KLHS vs temperature.

To find the possible form of the spontaneous strain tensor,
we have to calculate the mean value of the strain tensor by

acting on the tensoe(s;) which is lost atT.. Acting on
e(s;) with the four-fold axis matrix, we get the second pos-
sible tensor of deformation:

€, —ep O
e(sy) = en O 3
€33

The spontaneous strain tensey(s,) of the k-orientation
state is calculated as,

(4)

es(sk)=e(s) —3[e(sy) +e(sy)],

-3
10 T v T
2.0
1.0
=
9
k-]
E 0o
4
(-]
o
1.0
2.0 ' ' - L
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T

FIG. 5. Temperature dependence of the spontaneous &ain
and its components, RLHS.

MRéZ, KIM, POWELL, KIEFTE, AND DONABERGER

10° T T T T T
201 . .
. . es
L
10k -
c - 5 €2
[«] -
]
E 00
o
®
a
a0+ o 4
In ° ©1-822)R2
2.0 L ! 2 1 L t
50 100 150 200 250
T K)

FIG. 6. Temperature dependence of the spontaneous siain
and its components, deuterated ALHS.

where the last term in Edq4) is the mean value of the strain.
Using this expression, we get the forms of spontaneous strain
e for the orientation states; ands;:

€117 €2 €12 0
2 €11~ €2
es(S1)= - , 5)
0
e ex —€y 0
2 €11~ €2
ex(sy) = = ©)
0

The value of spontaneous strain is given &y=3; Ve
Taking into account thas$,= tar{ (y—90)/2], we havee, for
the 4F2 ferroelastic phase transition:

es= \/%(911_ €202+ 267, (7)

With the results given in Figs. 1 and 2, we calculated the
temperature dependences ef and its componentse(,
—e,,) ande;,. The plots[see Fig. 5(RLHS) and Fig. 6
(ALHS)] were fitted(solid line) with the critical exponent.
The fitting parameters of the functioe=A(T—T.)? are
given in Table Ill. As is evident from Figs. 5 and 6, the
mean-field approximation holds very well in a wide tempera-
ture range for both crystals.

In the last column of Table Ill, we give the approximate
temperature rangA T, of the ferroelastic phase where the
Landau fit diverges from experimental data. This will be

TABLE IIl. Fitting parameters of the functione;=A(T
—T.)¥? for RLHS and ALHS.

Te (K) A (1079 AT (K)

e, 4.02+0.01 60

RLHS  134.3:0.2 X(ey—e,)  —11.9+0.2 45
e, 17.7+0.3 45

e 7.1+0.1 110

ALHS  233.8:0.3 i(e;;—e,)  —14.6-0.3 60
e, 20.6-0.3 60
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s only difference is that for ALHS one expects the slight low-

40 - . " . . ering of the angle, whereas RHLS shows the opposite behav-
I 1 ior.

35 F 7 The results obtained for ALHS are also in good agree-

[rr ment with the results of calculations of the pure-mode direc-

30 I ] tion. As reported in Ref. 16, the pure-mode direction is at

25 ] ‘ , ) , . ] 33° with respect to thg axis and decreases by a few degrees

0 50 100 150 when the crystal is cooled far from the transition. The ques-
Te-T (K) tion can be asked wheth®&v’ walls can undergo reorienta-

tion and what factors can inhibit this process.
FIG. 7. Temperature changes W' domain wall orientation:
solid line, RLHS; dashed line, deuterated ALHS. VI. PINNING OF THE DOMAIN WALLS

used in the next section where we discuss the correlation TO THE IMPURITIES
between the domain wall orientations and temperature \We shall now discuss the influence of the crystal defects

changes of spontaneous deformation. on the temperature dependence of the ferroelastic order pa-
rameter. In this discussion we shall resort to the procedure
V. W’ DOMAIN WALLS IN ALHS AND RLHS used in interpreting the shape of the double-hysteresis loop

in ferroelastic LiCsS@?® involving the introduction of a
According to the classification given by Sapriélpne  pinning energy to the energy balance:
may distinguish two types of ferroelastic domain walls:
W-type walls, which appear when the crystal loses the minor E.. ()= kjesdes (11)
crystallographical plane &t and which are crystallographi- pim s 0 '
cally prominent planes of fixed indices, akd -type walls,

whose orientation depends on the actual values of the diffefVNere K is proportional to the average density of pinning

sites and the characteristic pinning energy of the site for a

ent components of spontaneous strain. ‘ i :
In general, the orientation of any type of ferroelastic do__domaln wall. Heree; denotes the actual strain energy exhib-

main walls between two orientation stamsands, is given  1t€d by the sample, in contrast a3, which is the so-called
by*2 antihysteretic strain responsible for lossless reorientation

processes. In such a case the elastic deformation energy
e(Sy)ii —es(Sy)ii IXix;i=0, 8 equals the lossless contribution minus the loss due to hyster-
s\21/ij S\O2)ij IANIA] .

esis:
wherees (sy);; are the components of the spontaneous tensor

of the k-orientation state. From Eqg$5), (6), and (8), we deg
have f esdoef= f e o) doer—k f (—) does, (12
dO'ef-f
,(elLezz X2+ 2€ Xy — (elLezz) y2=0. (9  Whereog, the effective stress, includes both externally ap-
2 plied stresss and the mean-field contribution, so that

Combining Eq.(9) with y=Ax, we finally have the form of

the domain wall equation for theF2 phase transition: Teff~ 0 als, (13

with « being the mean-field constant.

y:<9i /(E t1lx (10 Differentiating Eq.(12) with respect tos yields
e e
L 0 deg
whereb=e;, ande=3(e;;—e,,). es=eg+ ok| o | (14
e

According to Eq(10), the orientation of/ domain walls

may be temperature dependent. The necessary condition fahere 5=1 if o4 increases in the positive direction and
such a dependence is, of course, the difference between the— 1 if ¢ increases in the negative direction. This ensures
critical exponents ob ande components. In the case when that the pinning opposes changes in reorientation. By apply-

bothb ande show the same critical behavior, their tempera-ing the approach of Ref. 23 we f|na||y get the approximate
ture dependences cancel each other and(Eg). becomes expression for spontaneous strain:

temperature independent.

As follows from Table Il and Figs. 5 and 6, the Landau 0. oK
fits of (e;;—e,,) and e;, hold very well for temperatures es=est 2a,’ (15
down to 45 K belowT, for both ALHS and RLHS.

In Fig. 7 we have plotted the expected temperature deperwhereA; is the soft elastic constawhs. It is obvious that
dence[calculated from Eq(10)] of the angle between the the pinning modification oés given by Eq.(15) changes the
tetragonalx axis and the actual direction o/’ walls for  temperature behavior @s.

ALHS and RLHS crystals. For the temperatures close to Sinceeg is a two-component quantity, it can be concluded
T., the results obtained are in good agreement with directhat if the orientation ofN" walls changes with temperature,
observations of domain structure in those crystalsrom  the crystal defects must affect the temperature dependence of
Fig. 7 it appears that the expected rotation is about 1°. Théhe components oés to a different degree. This is particu-
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larly well illustrated in Fig. 6 wher@,, (proportional to the components oég appearing in the wall equation have differ-
monoclinic angl¢ shows the temperature dependence withent critical behavior. The analysis of the equations \\ér

the exponent; over almost the whole temperature rangewalls given by Sapriéf at different ferroelastic phase tran-
studied, whereas the temperature changg(ef,—e;,) re-  sitions indicates that the above conclusion must be generally
veals less critical behavior. This may indicate that the lineawalid for all transitions characterized by a multicomponent
spontaneous deformation is more sensitive to the presence ofder parameter. The effect of crystal defects on the tempera-

defects in the material than the shear component. ture behavior of spontaneous deformation is also discussed.
The latter problems will be discussed in more detail in thelt has been shown that the introduction of the pinning energy

work under preparation. to the free energy causes a decrease in the critical exponent
of eg. The experimentally observed differences in the tem-

VIl. SUMMARY perature dependence of the spontaneous deformation compo-

nentse;, and e;;— €5, suggest that the normal deformation

We have reported neutron scattering studies of three Crygsan he more sensitive to the presence of defects than the
tals from the family of materials with composition ghear deformation.

A4LiH 3(SOy), whereA=NH,, Rb, and K. Our experiments
measured the lattice parameters of these crystals over a very
wide temperature range from 5 K. From the results it was
possible to calculate the spontaneous stejrand its com-
ponents for ALHS and RLHS. The temperature changes of This work has been partially supported by State Commit-
the orientation ofW’ walls were calculated to be about 1° tee for Scientific ReseargiKkBN) Grant No. 2 P302 036 06.
(deg at Tc—T=100K. It was shown thaww’ walls may We also wish to acknowledge the Natural Science and Engi-
rotate, remaining perpendicular to each other only when thaeering Research Council grant for this work.

ACKNOWLEDGMENTS

1T Krajewski, T. Brezewski, P. Piskunowicz, and B. Mrdgun- 125, Sapriel, Phys. Rev. B2, 5128(1975.

published. 13N. Boccara, Ann. PhysN.Y.) 47, 40 (1964).

2M. Polomska and F. Smutny, Phys. Status Solidl®, K103  *M. Polomska, A. Pawlowski, A. Smutny, and J. Wolakpub-
(1988. lished.

3] Minge and T. Krajewski, Phys. Status Solidi 209 193 158, Mroz, P. Piskunowicz, A. Pawlowski, and T. Krajewski, Fer-
(1988. roelectrics159, 155(1994.

4T, Wolejko, G. Pakulski, and Z. Tylczwki, Ferroelectrics81, 163, Mielcarek, Z. Tylczyski, P. Piskunowicz, and B. Mm Fer-
1979(1988. roelectrics172 287 (1995.

S5p. Piskunowicz, T. Brezewski, and T. Wolejko, Phys. Status ’M. Knite, W. Schranz, A. Fuith, and H. Warhanek, J. Phys. Con-
Solidi A 114, 505(1989. dens. Matteis, 9099(1993.

6B. Mroz and R. Laiho, Phys. Status Solidi 45 575(1989. 18 Pietraszko, M. Polomska, and A. Pawlowski, 1zv. Akad. Nauk

’B. Mroz, H. Kiefte, M. J. Clouter, and J. A. Tuszski, J. Phys. SSSR, Ser. Fiz55, 529(1991).
Condens. MatteB, 5673(1991). 19E. K. M. Salje,Phase Transitions in Ferroelastic and Co-Elastic

8A. Pietraszko and K. Lukaszewicz, Z. Krystallogt85 564 Crystals (Cambridge University Press, Cambridge, England,
(1988. 1990.

9F. J. Zuniga, G. Extebarria, G. Madariaga, and T.d@esvski,  ?°Crystals have been grown at Crystal Physics Division, Institute of
Acta Crystallogr. C46, 1199(1990. Physics, A. Mickiewicz University, Poznaroland.

0B, Mroz, M. Kaczmarski, H. Kiefte, and M. J. Clouter, J. Phys. 2*A. C. Larson and R. B. von Dreel@npublishel
Condens. Matted, 7515(1992. 22p_ piskunowicz and B. Mm(unpublishesl

1B, Mroz, H. Kiefte, M. J. Clouter, and J. A. Tuszski, Ferroelec-  23J. A. Tuszyiski, B. Mroz, M. Kiefte, and M. J. Clouter, Ferro-
trics 152, 337(1994); J. Phys. Condens. Mattér 6377(1993. electrics77, 111 (1988.



