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M agnet oelast i c prop erties of La 0: 7 44 Ba 0 : 18 6 Mn O3 single cr ystals have
b een studied. T he basic magneto elastic constants of the crystal have been
estimated using the data of magnetostrictio n and magneti zatio n measure-
ments , which have been carried out in [010] and [110] crystallograph ic di-

rections in a w ide temp erature range from 10 K to 150 K . The anomaly of
the thermal expansion has been observed at about 185 K . N ear this anomaly
tw o almost degenerated phase transitions have been observed. O ne of these
transitions may be related to the structural phase transition, w hile the sec-

ond one to the occurrence of spontaneous strains. T he magnetostricti on of
La 0: 744 Ba 0 : 186 MnO 3 single crystal seems to arise due to the e˜ect of applie d
Ùeld on the spontaneous strains.
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1. I n t rod uct io n

The intensi ve investi gatio ns duri ng the last years of the perovski te Mn ox-
ides, R e1 À x A x Mn O3 (R e = La, Y, Nd, Pr, Er, A = Ca , Sr, Ba, Pb), lead to the
di scovery of vari ous interesti ng e˜ects connected wi th magneto elastic pro perti es
of these m ateri als [1]. The large magneto stri cti ve e˜ect in m angani tes has been
di scovered Ùrst by Iba rra et al . [2]. The anomal ies of the longitudi na l magneto stri c-
ti on behavi or al lowed us to observe a Ùeld-induced structura l phase tra nsiti on in
La : Sr : MnO 3 The existence of magneti c polarons above the Curi e tempera-
ture in La = Ca = MnO perovski tes has been shown by means of magneto stri cti on
and therm al expansi on m easurements [4]. Ano ther interesti ng aspect of the ro le
of magnetoelastic intera cti ons in manganites wa s a discovery of the anom alous
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acoustoelectri c e˜ect in La 0 :67 Ca0 :33MnO 3 Ùlm s [5], whi ch seems to be connected
di rectl y wi th the m agneto elastic e˜ect. The magneto elastic e˜ects are also re-
sponsibl e for techni cal parameters of magneti c and m echani cal sensors. Al l these
facts sti m ulate a great deal of interest in studyi ng the m agneto elastic pro perti es
of doped m anganites.

In thi s work, we investi gate for the Ùrst ti m e the magneti zati on M , m agne-
to stri cti on Ñ, and therm al expansi on Â l = l of the La0 : 744Ba0 : 186MnO single crys-
ta ls at K. Thi s compound was chosen because of the lack of data on
m agneto stri cti on in Ba-doped LaMnO single crysta ls. The com pound studi ed is a
ferrom agnet wi th the Curi e tem perature of about 251 K [6] and wi th a structura l
phase tra nsiti on f rom a rhom bohedra l to ortho rhom bic structure at 185 K.
The structura l phase tra nsi ti on was shown to be of the Ùrst order [6].

The La : Ba : MnO single crysta ls were grown using the Ûoati ng zone
techni que. The deta i ls of preparati on have been described elsewhere [7]. It pos-
sessesa rhom bohedra l structure (the space group ). The X- ray di ˜ra cti on anal -
ysis at 296 K has al lowed to determ ine the latti ce param eters: ¡A,

¡A. These values are in good agreement wi th the corresp ondi ng val -
ues known from li tera ture (f or sim i lar compositi on) [8]. For m agneto stri cti on and
therm al expansion m easurements the sam ple of m m was chosen
wi th edges along the [001], [010], and [100] di recti ons (i n the pseudo-cubi c cell
appro xi m atio n) and practi cal ly free of twi ns.

The m agneti zati on m easurem ents were carri ed out using a SQUI D m agne-
to m eter (MPMS 5, Quantum Design). The three- term inal capacita nce techni que
wa s appl ied in order to measure m agneto stri cti on and therm al expansion. Ma gne-
to stri cti on m easurements were perform ed as a functi on of tem perature in externa l
m agneti c Ùeld wi th intensi ty up to 120 kOe. The accuracy of the m easurem ents
wa s better tha n .

Fi gure 1 presents the resul ts of the longi tudi nal m agneto stri cti on m easure-
m ents along the [010] and [110] crysta l lographi c di recti ons at 50 K. It can
be concl uded tha t m agneto stri cti on in the ferro magneti c (FM) phase of
La : Ba : MnO is anisotro pic and i t has the magni tude and m agneti c Ùeld
dependence being characteri sti c of ferrom agneti c meta ls. It has to be m en-
ti oned tha t both magnetostri cti on and m agneti zati on have simi lar dependences
on the appl ied Ùeld (Fi g. 2). In both cases the satura ti on Ùeld has practi cal ly the
sam e value (about 3.5 kOe).
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Fig. 1. T he longitu dinal magnetostricti on of the (La 0: 8 Ba 0: 2 ) 0: 93 MnO 3 single crystal

measured along [010], [110] crystallograp hi c directions at 50 K .

Fig. 2. T he magnetizati on of single crystalli ne sample as a function of magnetic Ùeld

applie d along [010] and [110] crystallog raphi c axes at a temp erature of 50 K .

In order to determ ine the m agneto stri cti on constants we have used the fol -
lowi ng expression for magneto stri cti on in a single crysta l of the ortho rhom bic
structure [9]:
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where 1 2 3 | the di recti on cosines of m agneti zati on and 1 2 3 |
the di recti on cosines of the elongati on observed. In our exp eriment the measured
m agneto stri cti on determ ines the changes of sam ple dim ension duri ng the m ag-
neti zati on pro cess starti ng from the f ul ly dem agneti zed state
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Ñ r = Ñ m À Ñ sp ; (2)

where Ñ m | the magneto stri cti on induced by the changes of the magneti zati on in
externa l m agneti c Ùeld, Ñ sp | sponta neous m agnetostri cti on as the consequence
of the m agneti c orderi ng below T .

Fi nal ly we obta ined
| f or the m agnetostri cti on para l lel to the [010] di recti on:

(3a)

| f or the m agnetostri cti on para l lel to the [110] di recti on:

(3b)

Using a Ùtti ng procedure the f ollowing resul ts have been obta ined:

and

From general considerati ons one should expect tha t the leading term s in above
expressions should be and . It means tha t in thi s appro xi mati on

ppm s and 60 ppm

These, relati vel y high, m agnetostri cti on constants seem to ari se because of speciÙc
m echani sm of spin- latti ce coupl ing pro posed by Chaudha ri and Ghata k [10, 11].

The resul ts of the therm al expansion measurements along the [010] and [110]
di recti ons are presented in Fi g. 3. Therm al expansion m easurements suggest the
exi stence of at least two di ˜erent regions wi th di ˜erent tem perature dependences.
Up to 180 K, there is a region, in whi ch the Grunei sen law is ful Ùlled. Ab ove 180 K,
there is a region ( K) wi th the anomalous behavi or of the therm al
expansi on. In thi s region we have observed a tem perature hysteresi s of therm al
expansi on being characteri stic of the Ùrst- order phase tra nsiti ons (no t shown in
Fi g. 3). The sim i lar behavi or has been observed in measurement of m agneti zati on
as a functi on of tem perature [12]. In our opi nion the anomaly in therm al expansion
seen at in Fi g. 3 seem to be rather not connected wi th the carri er local izati on
pro cess (the polaron e˜ect) [13, 14]. The resul ts of structura l investi gatio ns [8]
to gether wi th tem perature dependences of the la tti ce param eters woul d suggest
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Fig. 3. The thermal expansion of the La 0 : 744 Ba 0: 186 MnO 3 single crystal along [010]

and [110].

tha t the anomalous therm al expansion coul d be attri buted to the structura l phase
tra nsiti on simi lar to tha t observed in La 1 À x Sr x MnO 3 [15].

W e have determ ined also the l inear therm al expansi on coe£ cient ˜ T using
the data of the therm al expansion measurements. The therm al expansion coe£ -
ci ent of La0 :744 Ba0 :186MnO 3 sing le crysta l has been calculated accordi ng to the
fol lowi ng form ula:

T
0

d

d
(4)

The results of calcul ati on are presented in Fi g. 4. It can be clearl y seen tha t the
sharp changes of occur in a vi cini ty of 185 K, in a relati vel y narro w tem -
perature range of about K. These sharp anomali es of the therm al expansion at

, related to the changes of the latti ce parameters, dem onstra te tha t the precur-
sor e˜ects observed usual ly at structura l phase tra nsiti ons are not very importa nt
at the crysta ls studi ed.

The results of the therm al expansion m easurement as a functi on of tem per-
ature in the externa l m agneti c Ùeld (2 T) show tha t the Ùeld onl y slightl y shifts
the positi on of the lower anom aly to ward the low tem perature but disti nctl y en-
larges the am pl i tude of the hi gher one up to 80 ppm . From the results presented
in Fi g. 4 one can obta in importa nt inform ati on tha t the therm al expansion coe£ -
ci ent reveals two large - typ e phase tra nsiti on anomali es of comparable am pl i tude
but of opposite signs. W e propose to assign thi s behavi or to the combined e˜ects
of two di ˜erent phase tra nsiti ons, whi ch are alm ost degenerated in tem perature.
One could supp ose tha t the higher tem perature phase tra nsiti on (exactl y at ) ob-
served in Fi g. 4 (see the inset) shoul d be assigned to the Ùrst- order structura l phase
tra nsiti on f rom the rho mbohedra l to ortho rho mbic phase. Below sponta neous
stra ins appear, theref ore the phase tra nsi ti ons observed at lower temperature could
be assigned to the second-order phase tra nsiti on to the phase wi th sponta neous
stra in (being the order param eter).
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Fig. 4. T he linear thermal expansion coe£cient of the La 0 : 744 Ba 0: 186 MnO 3 single crys-

tal as a function of temp erature. T he inset show s the region of tw o large Ñ- typ e phase

transition anomalies. T he inset show s details of the ˜ T ( T ) structure near 185 K . T he

symb ols have the meaning indica ted in Fig. 3.

The sponta neous stra ins " i j are coupl ed to the order param eter M (m agne-
ti zati on), givi ng term s in energy as fol lows:

ñ i j M 2
i j (5)

where i j denotes the coupl ing constants. It means tha t the Landau free energy
m ay be given as
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where the last two term s describe elastic and m agneto elasti c contri buti ons, respec-
ti vel y. Assum ing the condi ti on tha t a sam ple is free of stress one can obta in

i j k l k l i j
2 (7)

Thi s relati on suggests tha t the tem perature dependence of m agnetostri cti on should
be sim i lar to tha t observed for m agneti zati on in agreement wi th data presented in

Fig. 5. T he normalized magnetostriction as a function of normalized magnetizati on.

T he Ùtting curve n n (solid line).
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Fi gs. 1 and 2. The observati on tha t the longi tudi nal m agneto stri cti on measured
for the m agneti zati on para l lel to the [010] di recti on di ˜ers f rom tha t measured
for the m agneti zati on para l lel to the [110] di recti on, results from the anisotro pic
character of the tensor ñ . Simul ta neously, Fi g. 4 displ ays a strong e˜ect of m ag-
neti c Ùeld on sponta neous stra in. It suggests, in accordance to Eq. (7), tha t one of
the im porta nt contri buti ons to the magneto stri cti on of La0 : 744Ba0 :186 MnO 3 sing le
crysta ls is related to the reducti on of sponta neous stra ins by an externa l m ag-
neti c Ùeld. Acco rdi ng to thi s assumpti on, Ñ shoul d be pro porti onal to M 2 . The
Ùtti ng curve presented in Fi g. 5 conÙrm s thi s assumpti on. It shoul d be rem arked
tha t the di polar m echanism of m agneto stri cti on [9] leads to the sam e dependence.
Neverthel ess, a strong e˜ect of the m agneti c Ùeld on a sponta neous stra in bears
the evi dence of the im porta nt contri buti on of pro posed m echani sm to the e˜ecti ve
m agneto stri cti on of the studi ed crysta ls.

4 . Co n clu si on

R ecently, the new m echanism of m agnetostri cti on in the m anganite system
has been proposed [10, 11] basing on a theo reti cal m odel . In the m odel the e g

electrons of Mn 3 + ions are coupl ed to the latti ce due to the Jahn{ T eller e˜ect.
Simul taneousl y, i t is assumed tha t the exchange intera cti ons are real ized by the
doubl e-exchange mechanism. Al l concl usions have been based on num erical calcu-
lati ons theref ore i ts appl icati on to the real system is rather l im ited.

In the present paper we have proposed a simpl iÙed model of magneto stri cti on
in m angani tes based, to some extent, on ideas proposed by Chaudha ri and Ghata k
[10, 11]. Fi rst of al l the fol lowing facts were ta ken into account:

The La : Ba : MnO m anganites exhi bi t the structura l phase tra nsi ti on
from the rho mbohedra l to ortho rhombi c phase at 175 K, below the
Curi e tem perature 255 K. The structura l pha se tra nsiti on is of the
Ùrst order.

Both the hydro stati c pressure and magneti c Ùeld stabi l ize the rho mbohedra l
phase [16]. It m eans tha t the tra nsfer intera cti on of carri ers is enhanced
in thi s case and consequentl y the double-exchange intera cti on becom es m ore
e˜ecti ve.

In the tem perature region where the ortho rhombi c phase is stabi l ized the
sponta neous stra ins appear.

On the base of these assumpti ons supp orted by the resul ts of therm al ex-
pansion measurements, we have deri ved Eq. (7) relati ng sponta neous stra ins to
the magneti zati on. In thi s way any changes of magneti zati on by externa l m ag-
neti c Ùeld, temperature, pressure, etc. lead to the change of sponta neous stra ins.
It seems tha t the presented experim enta l data conÙrm the proposed mechanism
of magneto stri cti on in the La : Ba : MnO single crysta l . The appl ied m ag-
neti c Ùeld suppresses sponta neous stra in exi sting below the Curi e tem perature
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and i t is in fact an ori gin of magnetostri cti ve e˜ects. The pro posed mechanism
does not exclude other m echanisms givi ng contri buti on to the m agneto stri cti on in
m angani tes [1].
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