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Васил Ловчинов, Андрей Апостолов, Димитър Димитров, Илия Радулов, Филип�����  ����Ван-
дербемден. ОСОБЕНОСТИ В СВОЙСТВАТА НА НЯКОИ РЕДКОЗЕМНИ СЪЕДИНЕ-
НИЯ С ОРТОРОМБИЧНА СТРУКТУРА

Изследвани��������������������   ������������ ������������������������������������   са структурните, магнитните, магнитоелектричните и фероеластичните 
свойства на серии от монокристали от редкоземни манганити. Изследванията са провеж-
дани в температурен интервал от 2 до 800 К и в магнитни полета до 14 Т.  Една част от 
образците показват наличие на гигантско магнитосъпротивление ���������� ���������� (GMR)����� ���������� , други демонс-
трират гигантски ефект на магнитострикция, а трети – наличие на многофазни фероелек-
трични състояния. Дискутирани са различни възможности за практическото приложение 
на наблюдаваните ефекти.
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The structural, magnetic, magnetoelectric, and ferroelectric properties of a series of mono-
crystals with perovskite structures have been examined. The investigations were carried out 
in the temperature range of 2–800 K and at magnetic fields up to 14 T. The existence of giant 
magnetoresistance (GMR) for some samples, a giant magnetostiction effect for others and the 
presence of multiphase ferroelectric states were demonstrated. Various possibilities for practi-
cal applications are discussed.� 
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1. INTRODUCTION

Rare-earth manganites are fascinating, because they display a wide vari-
ety of fundamental properties from magnetism to ferroelectricity, from colos-
sal magnetoresistance to semi-metallicity, and because they can be used in a 
number of important technological applications such as controlling a magnetic 
memory by an electric field or vice versa, new types of attenuators or transduc-
ers etc.

In this paper, we present our investigation on monocrystal samples with 
an orthorhombic structure, grown in two different space groups: D16

2h for 
La0.78Pb0.22MnO3 and Pr0.7Sr0.3MnO3 and D9

2h
 for HoMn2O5 and TbMn2O5.

The doped perovskite manganites Ln1–x Ax MnO3 (where Ln is a rare-earth 
ion and A is a divalent ion) from the group D16

2h, which crystallized in differ-
ent modifications of the perovskite structure, characterized by the parameter 
deformation of the type c/√2<b<a. Many properties of these compounds (espe-
cially the giant magnetoresistance GMR, being interesting for practical appli-
cations) depend strongly on the carrier density, on the specific zone structure, 
on the type and the quantity of dopants, on the defects of the crystal and their 
magnetic structure, or on the applied magnetic fields.

First two compounds of this investigation: La0.78Pb0.22MnO3 and 
Pr0.7Sr0.3MnO3, are doped by divalent lead and strontium ions. These ions pos-
sess ion radii bigger than that of La, and thus they change the deformation 
of the perovskite lattice. Besides, they cause the appearance of Mn4+ and in 
this way introduce ferromagnetic interactions in the lattice (the interaction 
Mn3+ – O2 – Mn4+ is positive) Furthermore, they create hole conductivity and 
an increase in the mobility of d-electrons [1], changing in this way the carrier 
density. 

The second part of this investigation concerning HoMn2O5 and TbMn2O5 
compounds is aimed to revealing the mediating role of the lanthanide in the 
appearance of the “giant” magnetostriction effect and electrical polarization. 
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2. RESULTS AND DISCUSSION

Magnetic and transport properties (Hall effect, electric resistance) of a 
La0.78Pb0.22MnO3 sample were measured in a wide temperature range (4.2 – 
800 K) and magnetic fields up to 14 T, in order to study the effect of the diva-
lent ion. The La0.78Pb0.22MnO3 monocrystal is a typical ferromagnetic material, 
with Tc = 353 K. Its electrical resistance as a function of the temperature at zero 
magnetic fields is presented in Fig.1, as an insert. The same figure illustrates 
the dependence 1/χ = f(T), where χ is the susceptibility of the sample (right 
hand curve). As seen from insert of Fig.1 at H = 0 the resistance has a maximal 
value, where 1/χ tends to zero. The value of the magnetoresistance ρ(0) – ρ(H)/ 
ρ(H) at 300 K is 95 %, and decreases to 45 % at 77 K. The effective magnetic 
moment of Mn in the paramagnetic region, as determined by our investigation 
at 4.2 K, is Meff = 5.1 μB   (see Fig.1, left hand curve). 

Fig. 1. Rresistivity (insert), magnetization and reciprocal susceptibility for���  La0.78Pb0.22MnO3

At 4.2 K, with H parallel or perpendicular to c-axis, the measured values 
were 4.93 μB and 4.73 μB, respectively. 
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Fig. 2.��������������������������������������������������������������������������           Temperature dependence of the Hall voltage and anomalous Hall coefficient

In Fig. 2 experimental data for the Hall voltage as function of the tempera-
ture at three different fields are presented. The normal Hall effect coefficient 
calculated by these data is R0 = 1.95×10-9 m3/c and the Hall carrier density is 
nH = 3.2×1021 cm-3. 

The spontaneous Hall effect coefficient (Ra = f(T)) is presented in the same 
figure, as a dashed line. Course of the curve is negative, and strongly depends 
on the temperature due to the additional dissipation of the current carriers by 
the magnetic moments. It is demonstrated by the sharp decrease of the resis-
tance at temperatures lower than 312 K.

The studies carried out indicate that the La0.78Pb0.22MnO3 compound could 
be useful for the modern microelectronics, since it fulfils two important condi-
tions: it possesses a temperature of magnetic rearrangement (Curie tempera-
ture) considerably higher the room temperature and a low electric conductiv-
ity, strongly depending on the applied magnetic field.

The investigations on monocrystals of Pr0.7Sr0.3MnO3 were inspired by the 
supposed simultaneous action of different mechanisms of current carrier dis-
sipation and the expected magnetothermal effect in this compound. The results 
presented in Fig. 3 reveal the temperature dependence of the resistance and the 
magnetic susceptibility. 
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Fig. 3. Electrical resistivity and magnetic susceptibility for Pr0.7Sr0.3MnO3 monocrystal

It is shown that the monocrystal is paramagnetic above Tc = 270 K and it 
is ferromagnetic at T<Tc. At T = 210 K, there is another phase transition related 
to the charge arrangement, and, hence, to the lattice deformation (see χ = f(T)). 
This is exactly the region where the sample is strongly conductive (see Fig. 3 
ρ = f(T)).

In Fig. 4, the entropy change ΔS at H = 1 T depending on the temperature 
is shown. The values for ΔS were obtained after treatment of the data taking 
into account the magnetic behavior of the monocrystal. It is seen that the effect 
is maximal near to the transition point Tc = 270 K. The obtained maximal value 
of 2.76 J/kg.K indicates that this composition is suitable for application as a 
substance for magnetic cooling.

Manganites from the space group D9
2h attract the scientists to study the 

existing complex magnetoelectric interactions, and provide the opportunity to 
control them by the application of external magnetic or electric fields ����� ��[2, 3]�.
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Fig. 4. The temperature dependence of the entropy change ΔS at H = 1 T

Using methods such as XRD, SEM, and EDAX to study the HoMn2O5 
monocrystal, we have proved that it is orthorhombic with a = 7.333 Å, b = 
8.529 Å and c = 5.619 Å. The b-axis of the monocrystal is an axis of easy 
magnetization and the c-axis – of a difficult one. Ho3+, Mn3+ and Mn4+ occupy 
respectively the 4g, 4h and 4f locations in the elementary cell. 

From the magnetic measurements and the results presented as an insert in 
Fig.5, one can determine that the monocrystal is paramagnetic above Tn = 44 
K with Meff=17.4 μB and Θparamagnetic is  –130 K. Manganese is ordered antifer-
romagnetically, with a weak ferromagnetism, and Ho remains paramagnetic 
down to 5 K polarized by this ferromagnetism [4].

When a parallel to b-axis field is applied at 5 – 40 K, significant hysteresis 
in the magnetization curves is observed, which decreases with decreasing tem-
perature but remains still significant at 4.2 K ( Fig.5).
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Fig. 5.������������������������������������������������������������������������������������          Reciprocal susceptibility (insert) and magnetization at different temperatures for� 
HoMn2O5

In Fig. 6, measurements of the dielectric permeability, dielectric losses and 
the polarization of a HoMn2O5 monocrystal, both with and without magnetic 
fields up to 15 T, are presented. As seen, by the experimental curves all param-
eters measured indicate peculiarities at 40–42 K, at 20–24 K and at 12–15 K. 

Changes of the antiferromagnetic structure of HoMn2O5 at H || b and T 
close to 20–22 K occur due dominantly to Mn4+, as also indicated by other 
authors [5, 6]. Nearly to 12 K, a process of arrangement of Ho3+ starts, and is 
finally completed at lower temperatures.

Fig. 7 presents the experimental data from magnetostriction measurements 
λ = ∆L/L (where L is the sample’s length and ∆L is its elongation) of the HoM-
n2O5 monocrystal as a function of the field at different temperatures. At 4.2 K 
and fields above 1.5 T, effect of “giant” magneto-striction is observed, which 
reaches a value of 2×10-3 for a field of 2 T. For comparison, the same value 
of λ for pure Ho is reached at three times stronger fields of 6 T at 4.2 K. With 
increasing temperature, this effect appears at stronger fields, with a decrease 
in λ. The reason for the observed “giant” magnetostriction is the process of 
overlapping of the exchangeable magnetostriction of Mn with the significant 
mono-ionic magnetostriction of Ho. The drift of Ho in a magnetic field, (i.e. 
its magnetostriction), causes the drift of the rest of the ions, despite the fact 
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Fig. 6. Dielectric permeability, dielectric losses and polarization of ����HoMn2O5

Fig. 7. Magnetostriction of the�����  ����HoMn2O5 monocrystal at different temperatures
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that Ho is in a non-ordered state. This process is revealed in a cascade of phase 
transitions.

The conclusion for the importance of the lanthanide in the appearance of 
the “giant” magnetostriction was checked by carrying out of measurements of 
the magnetization and magnetostriction of a monocrystal of TbMn2O5 in mag-
netic fields up to 15 T and temperatures down to 4 K.

As seen in Fig. 8, there are some differences both in the types of the M = 
f(H) curves and in the points of the phase transitions. As compared to the previ-
ous Fig 5 concerning for the HoMn2O5 monocrystal. This behavior of the two 
compounds is also observed by other authors [3, 6, 7]. The terbium manganite 
also reveals the effect of “giant” magnetostriction (insert of Fig. 8). It should 
be emphasize that the value of λ = 6.8×10-3 for TbMn2O5 is more than 3 times 
higher than that HoMn2O5. On the other hand, this effect for TbMn2O5 appears 
at 0.5 T (4.2 K) while for the HoMn2O5 the effect starts at 1.5 T (4.2 K).

Fig. 8. Magnetization and magnetostriction (insert) as a function of the magnetic field for 
TbMn2O5

3. CONCLUSIONS

It has to be concluded that both the manganites from the space group D16
2h 

and those of D9
2h reveal strong magnetoelectic interactions, and due to them 

a number of interesting effects appear, such as “giant” magnetic resistance, a 
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significant magnetothermal effect and “giant” magnetostriction. The number 
of the well-known and thoroughly studied pure monocrystals is not very high 
for the present [8]. However, the opportunity for magneto-electric control of 
their different properties assures its future intensive investigation and possible 
practical application. A key to the breakthrough is believed to be the use of 
multiferroics (like HoMn2O5 and TbMn2O5, as presented here), where the fer-
roic orders of (anti)ferromagnetism and (anti)ferroelectricity coexist.

Acknowledgements.This work is supported by the CGRI (Commissariat 
Général aux Relations Internationales – Belgium) and by the Bulgarian Academy 
of Sciences through a joint collaborative research program. ��������������������    The work of I. Radu-
lov is supported by NATO EAP.RIG. 981824.� 

REFERENCES

1.	 Rao, C. N., A. K. Cheetman. Adv. ���������Materials, 13, 1997, 1009. 
2.	 DelaCruz, R., F. Yen, B. Lorenz, M. M. Gospodinov, C. W. Chu, W. Ratcliff, W. lynn, J. S. 

Park, S. W. Cheong. Phys. Rev. B, 73, 2006, 100406.
3.	 Hur, N., S. Park, P. A. Sharma, S. Guha, S. W. Cheorg. Phys. Rev. Lett, 93, 2004, 107207.
4.	 Alonso, J. A., M. T. Casais, M. J. Martines – Lope, J. L. Martines M. T. FernandesDias. 

J�� ��������������������   ��. Phys. Cond. Matter ., 9, 1997, 8515.  
5.	 Karplus, R., J. M. Luttinger, Phys. Rev. B, 58, 1998, 47. 
6.	 Mihailova, B., M. M. Gospodinov, B. Guntter, F. Yen, A. P. Litvichuk, M. N. Iliev. Phys. 

Rev. B, 71, 2005, 172301.
7.	 Kagomiya, I., H. Kimura, Y. Noda, K. Kohn. J. Phys. Soc. �����Japan, 70 Suppl. A, 2001, 145.
8.	 Fiebig, M. J. Phys. D: Appl Phys., 38, R 123, 2005, 132. 

Received��� ������� ���� ��������� ����December� ���� 2006

Dimitar Dimitrov 
Bulgarian Academy of Sciences
Institute of Solid State Physics
Low Temperature Physics Laboratory
72 “Tzarigradsko Chaussee” Blvd.
1784 Sofia; Bulgaria
E–mail: dimitrov@issp.bas.bg


