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Experimental and theoretical studies of the ferroelastic domain structure of
the (NH ) 3 H(SeO 4 ), crystal in phases lll and IV are performed. Using
the refined structural data the orientations of W - and W' -type domain
walls, as well as the temperature evolution of the domain structure are
investigated. It is shown that in spite of the fact that the room temperature
phase lll has a triclinic symmetry with small deviations from monoclinic,
the domain structure in this phase differs strongly from the structure in
the case of a monoclinic symmetry which has been previously accepted in
this temperature range. In the monoclinic phase IV all the W’ -type domain
walls lie almost in parallel to the (001)-plane which explains the invisibility of
W' walls after Ill-IV phase transition during the observation of the domain
structure in the (001)-plane.
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1. Introduction

The (NH4)3H(SeO,)s crystal belongs to the family of hydrogen disulphates and
diselenates of the chemical formula M3H(XOy)s, where M denotes NHy, K, Rb and
Cs. The crystalline structure of the family is characterized by dimers formed by
X Oy tetrahedra linked with H-bonds. The dynamics of the XO4 groups and the pro-
ton ordering in crystals result in a sequence of phases exhibiting various long-range
orderings. The following phase diagram is now accepted for the (NHy)3H(SeOy)s
crystal:
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Phase Phase transition temperature Point group Reference

I R3m [1,2]
328 K

I R3 2]
302 K

111 CI [3]
275 K

v A2/a [4,5]
181 K

Vv Aa 6]
101 K

VI Aa [6]

At 302 K the crystal undergoes a transition to the superprotonic phase [1,7]
and this transition coincides with the ferroelastic-paraelastic one [1,8]. It should be
noted that the ferroelastic domain structure was observed not only in the triclinic
phase III but also in the monoclinic phase IV [8-12]. Moreover, dilatometric studies
of the crystal [8] revealed drastic changes in the lattice dilatation at 275K. A long
range electric ordering was reported in phase V and the ferroelectric-paraelectric
phase transition took place at 181 K [13]. Here we would like to present the re-
sults of theoretical studies of the ferroelastic domain structure in (NHy)3H(SeOy)s
single crystals and the comparison of the results with the experimentally observed
variations in the domain pattern.

2. Domain structure of phases Ill and IV

According to the recent structural investigations [3,4] in (NHy)3H(SeOy)s two
ferroelastic phases occur on cooling. In particular, at room temperature (phase
I1T) the symmetry of the crystal is triclinic C1 with a small deviation from mon-
oclinic. The elementary unit cell shown in figure 1(a) has the following param-
eters a; = 15.81A, b, = 6.052A, ¢, = 10.482A, o = 90.79°, 5 = 102.31° and
v = 89.13°. Only below 279 K the symmetry of (NH4)3H(SeO4)s changes to
monoclinic C2/c (phase IV) with the unit cell parameters a,, = 10.44A, b,, =
6.011A, ¢,, = 15.825Aand # = 103.99° (figure 1(b)). Orientations of the crys-
tallographic axes of phases III and IV in the hexagonal setting perpendicular to
the x3-axis are shown in figure 2. Observations of the ferroelastic domain struc-
ture in phases III and IV have revealed a drastic change of the domain wall ori-
entations at the transition III-IV. The domain walls separating ferroelastic do-
mains with different values of the components of the spontaneous strain tensor
can be of two types: three domain walls of the W-type with crystallographi-
cally prominent and independent of temperature directions, and the W’-type do-
main walls with orientations varying with the temperature change. In our case
both types of boundaries are observed in phase III, whereas in phase IV only
the W-type domain walls were noticed in the plane of observation (figure 3).
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Figure 1. The unit cell of the (NH4)3H(SeOy4)2 crystal in (a) triclinic phase III;
(1, x2, x3) is the Cartesian coordinate system and (b) monoclinic phase IV with

the Cartesian coordinate system (x{V, 23V x3).

Theoretical analysis of the domain
structure is based on the theory of Sapriel
[14]. In our case, after transition from the
1 G trigonal prototype phase R3m to the ferroe-
lastic phase C1, six different orientational
b, a, states (domains) can exist [15] and, con-
sequently, 12 permissible domain walls are

predicted [14].
The components of the spontaneous
/ strain tensor ej;(Sg) can be determined as

b, [15]:

1N
Figure 2. Projection of the lattice efj(5k> = eij(Sk) — N Zeij(sl)’ (2.1)
vectors in the triclinic phase III =1
and the monoclinic phase IV on the  where N denotes the number of orienta-
(001)-plane in the hexagonal setting  tional states, ¢(S;) is the strain tensor for
of phase II. orientational state Sj.

In the case of the 3m — 1 transition and
with the additional condition that the 3-folded axis is parallel to the Cartesian
coordinate axis r3 and 2-folded axis - to x, in phase 3m, the components e*(Sy)
have the following form:

—a b ¢ —a —b c
e’(S1) = b a d|, e(Se)=1| —-b a —d]|, (2.2)
c d 0 ¢ —d 0

here a = %(622 —e11), b = €12, ¢ = e13 and d = eg3. The components for the four
remaining domains can be obtained from equation (2.2) by rotation around the
xg-axis through +27/3.
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T() = 325K N TAID) = 293 K
TAD = 313 K N T
C

Figure 3. Thermal evolution of ferroelastic domains in (NH4)3H(SeO4)2. The
pictures present the sample surface in phases I, II-(A), I1I-(B), IV-(C) and again
III (D). The arrows show the direction of temperature changes.

In particular, in phase III the components a, b, ¢ and d are expressed through
the unit cell parameters of the triclinic phase 1 in the following manner:

byy/sin® v — 27— a/V3 b _ bi(cicosysin B — zp(3a; + ¢ cos B))

“= 2b, N 6a.b, sin 3 ’
_at 3af cosﬁ, Je by (3a; cosy —|— ¢y COS @v) | (2.3)
6a; sin 3 6a;b, sin 5
where zy = cosa — cosﬁcosv’ b, = 6.064Ain phase I, and are evaluated to be:

sin 3
a=—-0.69-10"%* b= —0.69-10"2, ¢=0.399-10"2 and d = 0.62 - 1072
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The orientations of permissible domain walls between two adjacent domains Sy,
and S; can be determined from the strain compatibility condition [14]:

(es(Sk)ij — eS(Sl)ij)xixj =0. (2.4)

Substituting the spontaneous strain components (2.2) into (2.4), the following
equations for domain walls can be obtained:

bl‘l + d[[’g =0 (Wll),
To = 0 (Wl) and (\/ga + b)l‘l + (\/gc + d)l‘g =0 (WQI), (25)
(V3a —b)r; + (V3c—d)xs =0 (W3).

The rest of the equations for domain walls (two of the W-type and three W’-type
for each W-type wall) can be derived by rotations of the surfaces (2.5) around
the x3-axis through +27/3. Equations (2.5) yield the following angles between the
domain walls W{, W3, W3 and the zs-axis at room temperature:

O, = arctan <%> = —41.8°,

V3e+d
V3a+b

©3 = arctan <%> = 5.98°.

Setting formally o = v = 90° we obtain the monoclinic structure from the
triclinic one, in this case e;3 = eg3 = 0. Then, from expressions (2.3) one reads:
b —cm/\/g_ _ Cm + 3ay, cos 3

2, T 6a,sinfS

Considering equations (2.5) for the determination of the domain walls with the
constraint o = v = 90°, we can see that the tilt of the Wj-plane is unchanged,
the relation for W/ becomes identity (i.e. W/-wall disappears in this case) and
another two equations for Wj, Wi transform into a single one: azy + cr3 = 0;
that is, we obtain a single domain wall of the W’-type with the tilt angle © =
arctan(c/a) to the xz-axis, which is to be expected after the transition 3m — 2/m.
Using the structural data of the monoclinic phase IV we have: a = —0.138 - 1072,
c=—0.11-10"" and © = arctan(c/a) = 83.03°. The value of the angle between
the cross-section of the W'-wall with the b, = 0 plane (domain wall W; in phase
IIT) and the zs-axis is © = arctan(2c/a) = 86.5°. Thus, the W’-wall is almost
parallel to the (001)-plane and this fact can be the possible explanation of the
phenomenon that W’-type walls were not observed in phase IV (figure 3). The tilt
angle of W/-walls in phase IV differs drastically from the values (2.6) of ©, and O3
even with small deviations of the structure from monoclinic (Aa = a—90° = 0.79°,
Ay =~ —90° = —0.87°), as well as from the results obtained by Kishimoto et al.
in [8] and Schranz et al. in [9].

0, = arctan< ) = —61.73°, (2.6)

b=d=0;a=
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To explain the influence of pseudomonoclinic symmetry on the orientation of
domain walls W, and W3, let us expand expressions (2.6) for ©,, ©3 in the powers
of small deviations of b and d from zero:

c 1 1 d ¢b
ol (), o

a aa

1+ (c/a)* /3
for
dl |b
-, -] < 1. (2.8)
al’la

Even at slight deviations of o and « angles from 90°, conditions (2.8) do not hold

for our structure, since

d| |b
—} , }—‘ ~ 10% Thus, a sharp separation of W; and Wj
al’la

domain walls is observed after a phase transition to the triclinic phase III.

3. Conclusions

Despite the fact that the determined in [3] symmetry of the room temperature
phase of the (NH,4)3H(SeO,), crystal deviates in a small degree from the accepted
in previous investigations monoclinic, the domain structure in this phase differs
drastically from the structure in the case of a monoclinic symmetry. This difference
manifests itself in the number of permissible domain walls (nine W’'-type walls in-
stead of three for the monoclinic phase), as well as in its orientations. In particular,
the slight deviations Aa, A~y from 90° induce a significant separation of Wj- and
Wi-domain walls and the angles between the W’ -walls and the (001)-plane differ
strongly from the previously reported in [8,9] value 47.3°.

In the case of the monoclinic phase IV, all domain walls of the W'-type lie
almost parallelly to the (001)-plane. This result confirms disappearance of the
domain walls of the W’-type in the plane of observation when crystal transforms
into phase IV.
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OpieHTauii pepoenacTM4HUX AOMEHHUX CTIHOK Y
kpucTtani (NH,)s; H(SeO,) -

H.Masnexko ', M.Monomcbka ? , B.Xinbuyep 2

IHCTUTYT @i3nkn koHaeHcoBaHnx cuctem HAH YkpaiHu,
290011 m. JlbBiB, ByN. CBEHLjLBKOrO, 1

IHCTUTYT MOnekynsapHoi @isnkn MNAH,
MonbLa, 60179, MosHaHb, Byn. CMonyxoBcbkoro, 17/19

OtpumaHo 3 kBiTHa 1998 p.

B po6oTi npoBeneHo ekcriepuMeHTasibHe M TeopeTUYHE BUBYEHHS O0-
MeHHoi cTpykTypu kprctany (NH 4 ) 3 H(SeO 4 ) » y depoenactnyHmux dpa-
3ax l1l'i V. BukopucToBytoUM HANMHOBILLI CTPYKTYPHI AaHi, LOCAILXEHO 0pi-
eHTauii LOMeHHUX cTiHok TNy W Ta W’ . Moka3aHo, Lo He3Baxato4m Ha
Te, WO Npu KiMHATHI TeMnepaTtypi KpUCTan Mae TPUKNiHHY CUMETPIIO 3
HE3HAYHUMMU BiOXMIEHHAAMMU BiJ, MOHOKSIHHOI, LOMEHHA CTPYKTYypa CUb-
HO BIPI3HAETHLCA Bif, TiEl, AKa OTPUMYETbCH A5 pasv 3 MOHOKNIHHOIO Cu-
MeTpIE0, LLLO BYN0 NPUNHATO paHille ANs LbOro TeEMNepaTypHOro iHTep-
Basny. Y MOHOKNiHHI dasi IV gomeHHi cTivkm Tuny W/ maiixe napanenbHi

363



N.Pavlenko, M.Potomska, B.Hilczer

0o nnowmHu (001), WO NOSACHIOE PaKT iX 3HUKHEHHS MPY ONTUYHUX CMO-
CTEPEXEHHSX Y Ui MAOLNHI.

KniouoBi cnoBa: goMeHHa CTPYKTypa, pepoeniacTudHICTb
PACS: 77.80.Dj
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