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Anomalous large values of magnetostriction related to rearrangement of multidomain
state in easy-plane antiferromagnetics of iron group dihalides have been shown to be
associated with magnetoelastic nature of the multidomain state. To describe that multido-
main state, a parameter has been introduced which characterizes the average orientation
of domains. The parameter is referred to as the domain co-alignment one.

HoxasaHo, YTO aHOMAJBHO OOJIbININE BEeJIUYUHBI MariuTOCTPUKIIUN IIPU nepec'rpofme
MHOT'OZOMEHHOI'O COCTOAHUA JIETKOIIJIOCKOCTHBIX aHTI/I(beppOMaI‘HeTI/IROB AUTAJINI0B I'DYIIIIBI
JKeJjie3a CBs3aHBI C MaI‘HI/ITopryI‘Oﬁ l'IpHpOJIOﬁ X MHOI'OOOMEHHOI'O COCTOAHUA. I_[JIH omnuca-
HHUA TaKoro MHOI'OOOMEHHOI'0O COCTOAHUS BBeOEH IlapaMeTp, XapaKTepHSyIOH.II/If;I CpeaHIoo
OpueHTalluilo JOMEHOB, KOTOprfI 0003HaUeH KaK IIapaMeTp COHaIIPpaBJIE€HHOCTHU OOMEHOB.

The magnetostriction (MS) phenomenon
is traditionally believed to be connected
with the lattice parameter changes when a
magnetic ordering is set in a crystal (spon-
taneous striction) or when the magnetiza-
tion is changed in a magnetic field (forced
striction) [1]. The forced MS is physically
different depending on magnetization of a
magnetically homogeneous state or a mag-
netically heterogeneous one with different
directions of spontaneous striction in indi-
vidual fragments of the substance (do-
mains), the heterogeneity resulting from
spontaneous striction at the magnetic order-
ing occurred in the absence of external
magnetic field. These traditional concepts
are to be somewhat stipulated for the case
of ferromagnetic martensites exhibiting un-
usually high MS values [2]. The martensitic
transformation, being a structure phase
transition in its essence, gives rise to frag-
ments of the martensite polycrystal struc-
ture diffing in their orientations ("vari-
ants”). Distortions thereof in relation to the
initial cubic austenite structure are not
caused by the spontaneous MS. After the
ferromagnetic ordering, however, the mag-
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netic anisotropy directions of the crystalline
fragments turn out to be connected rigidly
with the straining directions of the initial
austenite structure. Thus, the anomalous
large MS of the miltivariant martensite is
fully equivalent to the reorientation of dis-
tortions forced by an external field, exactly
as if the distortions would be caused by
spontaneous MS with different directions in
individual variants. In a magnetic field, the
large value of magnetoelastic interactions
results in a transition of the whole sample
to one type of variants where the distortion
direction of the initial austenite structure
will be in consistency with the resulting
magnetization direction, so that a giant
strain of the sample will occur according to
the field direction. Thus, an anomalous
large MS will always take place when an
external magnetic field turns the differ-
ently oriented spontaneous strictional
strains of magnetic domains towards one
and the same direction. This occurs inde-
pendent of what is the primary phenome-
non: elastic distortions (as in martensite
where those arise in absence of ferromag-
netic ordering) or spontaneous striction

Functional materials, 11, 3, 2004



V.M.Kalita et al. /| Anomalously large magnetostriction...

(Aln)-104
(A A 2
[+) v %
4 ° ¥
vvo A
A
H=H, °
°3
2 v
v
v
v o
0 - [+] 1 1 1 ]
Bh 5 10 15 H, kOe

Fig. 1. MS as a function of H for CoCl, at
T = 4.2 K. Curves 1, 3 answer to application
of H, 2 and 4, to removal of H.

arising due to magnetic ordering. Of impor-
tance is the conservation of rigid unique
relationship between main axial directions
of the arising spontaneous strains and the
magnetization direction. In a more general
case, a similar ordering of spontaneous MS
strains may occur also in antiferromagnet-
ics. The difference is that in the latter case,
a rigid relation between directions of spon-
taneous striction and antiferromagnetism
vector. The external magnetic field should
be able to adjust the antiferromagnetism
vector directions in different domains. To
that end, the crystal magnetic structure
(spontaneous MS strains being neglected)
should have spatial degeneration for differ-
ent possible directions of antiferromag-
netism vector, as in the case of easy-plane
anisotropy. Required is also a formation
mechanism of antiferromagnetic domains
with different directions of spontaneous
striction (and the antiferromagnetism vec-
tor, respectively) in that "easy” plane. It is
just the consideration and experimental
study of such a situation that is the pur-
pose of this work.

An MS corresponding exactly to the
above situation is observed in easy-plane an-
tiferromagnetics of iron group dihalides [3].
In those crystals, the antiferromagnetic or-
dering is realized as a multidomain state
[4]. It is clear that the magnetic interac-
tions are insufficient to explain the origin
of this state. On the contrary, the exchange
energy losses when passing from one do-
main to other having a different orientation
of the antiferromagnetism vector (L) re-
quire more likely a homogeneous antiferro-
magnetic state when the antiferromag-
netism vector is oriented uniformly in the
whole crystal volume. In those crystals,
however, the magnetoelastic interactions
are very strong and a considerable sponta-
neous anisotropic MS is observed therein. In
multidomain state, the striction directions
in the domains are different, so the crystal
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Fig. 2. MS as a function of H for NiCl, at
T = 4.2 K. Curves 1, 3 answer to application
of H, 2 and 4, to removal of H.

as a whole remains unstrained. In a mag-
netic field, under transition to a homogene-
ous state, the spontaneous striction is re-
covered for the crystal as a whole, so it
becomes strained correspondingly.

It is to suppose that the multidomain
state of easy-plane antiferromagnetics that,
in contrast to the multidomain ferromag-
netics, is not due to magnetostatic effects,
is of magnetoelastic nature. Such a multi-
domain state was referred to as magnetoelas-
tic multidomain state of antiferromagnetics.

In Figs.1 and 2, presented are the
forced MS dependences for CoCl, and NiCl,
crystals obtained by measuring relative elon-
gation in the crystal basal plane at T = 4.2 K
under application/removal of magnetic field
in the "crossed fields” configuration. The H
field is directed along the striction meas-
urement direction and it is just the curves
with positive € values that answer to that
field, while H | lies also in the easy plane
but is perpendicular to the measurement di-
rection. The curves with ¢ < 0 answer to
that field. It is seen that the forced MS of
the crystal in the multidomain state is an-
isotropic and changes its sign as the field
direction is changed to the transversal one.
In fields exceeding 10 kOe, the transition
into homogeneous state occurs. If the field
absence, that is, at H = 0, the multidomain
state with anisotropic striction compensated
for the crystal as a whole takes place.
Therefore, the crystal as a whole is essen-
tially unstrained. The hysteresis of the
€(H) dependence evidences the presence of
an irreversible striction component. This is
associated with a some excess domains
where the vectors L remain perpendicular
to the field applied before when the field is
removed.
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Fig. 3. m(H) dependence for NiCl, at T = 4.2 K.

For small H, in the very onset of the
rearrangement process of the multidomain
state (H — 0), ¢ depends on H quadrati-
cally:

H? 1)

where ¢, is the residual striction after the

field removal; ¢, spontaneous striction of
single-domain state; H,;, an empirical pa-
rameter. For CoCl,, H3 = 9.5 kOe? while for
NiCl,, H(% ~ 13 kOe2.

Fig. 3 shows the magnetization depend-
ence m(H) for NiCl, at T = 4.2 K. Accord-
ing to the Neel theory [5], if an easy-plane
antiferromagnetic crystal would have a ho-
mogeneous state with L. L H, then the mag-
netization in a field perpendicular to the
hard axis should increase linearly (dashed
line) with field increasing. It is seen that
the multidomain state rearrangement re-
sults in a nonlinear m(H) dependence, the
magnetic susceptibility in multidomain
state at H — 0 being almost a half of that
for homogeneous one. At the same time, no
irreversibility effects resulting in a loop in
€(H) are observed at the magnetization meas-
urements. At low H, m(H) is described as

ff2
m = Xdﬂ[l + H—z], (2)
m

where Y, is the magnetic susceptibility of
multidomain state at H — 0; H,, an em-
pirical parameter, experimental value
thereof is equal to H .

Since both magnetization and striction
are manifestations of one and the same
process of the multidomain state rearrange-
ment, the €(H) and m(H) dependences are
interrelated quantitatively. To establish
that interrelationship, let the domain struc-
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ture be assumed planar. This assumption is
not in contradiction to the layered crystal
structure when metal ions within the layers
are bonded by ionic-covalent bonds while
the layers are connected together by weaker
van-der-Waals bonds. Let the domain den-
sity distribution be determined from the re-
lation p(@) = dV/Vde where ¢ is angle be-
tween the domain magnetization direction
and the field one; dV,, volume of domains
having that orientation determined on the
do interval; V, the crystal volume. Since
the spontaneous striction of the domains is
anisotropic (it amounts €, perpendicularly
to L while has the opposite sign along L. and
is equal to —¢;), the average striction of the
crystal is

n/2 (3)
€= 1 _[ g(cos?q — sin2@)p(@)de =
n—n/2
n/2

€ 1
== [ 2(coso - Sp(@)do.
-n/2

At T = 4.2 K, modules of s; and sy vec-
tors are the same: |s;| = [sy| =s. Then, the
crystal magnetization is

1n/2 (4)
m=- [ 2.Heos2gp(@)do,
-n/2

where ), is the magnetic susceptibility of
homogeneous state.

The expressions (3) and (4) make it pos-
sible to obtain a relationship between the
average magnetization and striction values:

_L £ (5)
m = 2)(61-1(1 + Ss}

Using (5), we can obtain the m(H) de-
pendence as expected from experimental
data on striction &(H) [6]. In Fig. 4, such a
dependence is constructed basing on the
striction data for the curve 4 in Fig. 2 (for
NiCl, crystal). The m(H) dependence so ob-
tained in nonlinear and has a "sagged” shape,
thus agreeing with the actual magnetization
curve of Fig. 3. It follows from (5) that at
H =0, m =0 even if the average striction
for the crystal is nonzero, &(H = 0) # 0.
Therefore, no residual magnetization is ob-
served in m(H), in contrast to e(H).

It follows from (3) and (4) that the be-
havior of m(H) and ¢(H) is defined by an
averaged characteristic of domain orienta-
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Fig. 4. m(H) dependence constructed basing
on ¢(H) data of curve 4, Fig. 2.

tion that will be referred to as the domain
co-alignment parameter [7] determined as

/2 (6)

ny = % I/ 2Z(cosch - %] P(@)do.

The expression (6) characterizes the ex-
tent of domain co-alignment in the multido-
main antiferromagnetic state. At H = 0, in
the multidomain state n; = 0, in single-do-
main one, n; = 1. The average striction and
magnetization are in proportion to that pa-
rameter:

e=¢gny, m= %XeH(l +ny). @

Using the introduced parameter, it is
possible to describe phenomenologically the
multidomain state rearrangement in mag-
netic field. Let the phenomenological ex-
pression for the free energy of the multido-
main antiferromagnetic state be written as

9, o8 g4 Kerg ®)

where a >0, b >0, 9¢2 < 32ab. The last
item in (8) defines the interaction energy of
domains with the magnetic field.

Let the simplest "quadratic” model be
considered when b =0, ¢ =0 in (8). This
approach is identical with the model consid-
ered before in [8] where it is stated that the
multidomain state is stabilized by the con-
tribution to the free energy, which is in
proportion to the squared average striction.
But, as follows from (7), the squared aver-
age striction in the multidomain state is in
proportion to the squared domain co-align-
ment parameter.

According to the quadratic model, the
multidomain state is realized only on the
interval H € [0,H;]. Therewith, the mag-
netic susceptibility increases in proportion
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Fig. 5. Magnetic susceptibility curve for

NiCl, in multidomain state.

to squared H while in the monodomeniza-
tion field H = H; it becomes jump-like
halved. Thus, in strong fields at the final
stage of the multidomain state rearrange-
ment, the quadratic model is inconsistent
with the experimental magnetic susceptibility
data (presented in Fig. 3 for NiCl, crystal).

The quadratic model, however, can be ex-
tended over the whole region of the multi-
domain state rearrangement fields in the
case of the magnetoelastic mechanism of the
multidomain state that is based on elastic-
ity matching of domains and defects [9], if
the inevitable (and even obligatory) scatter-
ing of the monodomenization field H = H,
is taken into account. Under this condition,
the magnetic susceptibility becomes con-
tinuous at the transition to homogeneous
state (the jump in y(H) disappears). The
case \/E/Hd ~1 (where o is the scatter dis-
persion of H; and H,; is the mean value
thereof) answers to a rather good consis-
tency with experimental x(H) data for NiCl,
crystal showing a low but very broadened
maximum.

It is to note that the phenomenological
model (8) in its most general form with b # 0
and ¢ # 0 allows also to describe the multi-
domain state except for the field region
(about 10 kOe) of transition to homogene-
ous state when n; — 1. Therefore, the
quadratic model taking into account the
non-uniformity of monodomenization fields
due to action of defects seems to be more
convincing.

Thus, it has been shown that the anoma-
lous striction behavior at the rearrangement
of the multidomain state in easy-plane an-
tiferromagnetic iron group dichlorides is as-
sociated, first of all, with arrangement of
differently oriented spontaneous striction
strains in domains along one and the same
direction preset by the external field.
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Therewith, the unique relationship between
the spontaneous striction directions in do-
mains and directions of L and M vectors
therein results in a specific interrelation be-
tween the field dependences not only of the
crystal average strain but of its average
magnetization. The average striction and
magnetization turn out to be in proportion
to the domain co-alignment parameter that
characterizes their average orientation. In-
troduction of that parameter makes it possi-
ble to describe phenomenologically the mul-
tidomain state of an antiferromagnetic in
external magnetic field.
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AHOMAJIBHO BeJIMKAa MATHITOCTPHMKILisA, 00yMOBJIeHA
nepedy10BOI0 MArHiTONPYKHUX TOMEHIiB

B.M.Kanuma, A.®.Jlozenrxo, C.M.Pabuenko, I1.0.T poyenko,
T.M.Amxkeeuu

ITokasaHo, 10 aHOMAJbHO BeJHWKi BeIMUMHU MATHITOCTPHUKIII mpu mepebymoBi GaraTomo-
MEHHOTO CTaHy JIETKOILIOIMMHHUX aHTH(EepOMArHEeTHKiB AWUTAJiAIB Ipynu 3ajisa moB’s3aHi 3
MarHiTONPY:KHOIO IPUPOAO0I0 iX 6araTofoMeHHOro craHy. [[ia ommcy Takoro 6araTooOMeHHO-
TO CTaHy BBENEHO IIapaMeTp, IO XapaKTepHU3ye CEPEeAHI0O OpPieHTAaIlil0 JOMEeHiB, AKUil MO3HAa-

YeHO MapaMeTPOM CIiBHANIPABJIEHOCTI MOMEHIB.
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