Magnetization reversal and chemical pressure effect in the

electron doped manganite CaMn ¢;Sb (505

Takahiro FujyiwArA, Michiaki MATSUKAWA,* Syuya Ohuchi and Satoru Kobayashi

Department of Materials Science and Engineering,

Twate Unwversity, Morioka 020-8551, Japan

Shigeki Nimori

National Institute for Materials Science, Tsukuba 305-0047,Japan

Ramanathan Suryanarayanan

Laboratoire de Physico-Chimie de L’Etat Solide, CNRS,
UMRS8182, Universite Paris-Sud, 91405 Orsay,France



Abstract

We have demonstrated the effect of Sr substitution on the temperature dependent magneti-
zation reversal in the electron doped manganite CaMng g5Sbg 0503. The X-ray photoemission
spectroscopy reveals the substitution of Sb ion with its valence of 54 for Mn** site, resulting in
one eg-electron doping, which is consistent with negative Seebeck coefficient previously reported.
For the (Caj—_,Sry)Mng.95Sbg.0503 system, anomalously diamagnetic behaviors are observed for
y < 15% in the weak field cooled magnetization. For the Sr content beyond 15%, the behavior of
the negative magnetization disappears. We believe that the local lattice distortion due to Sb substi-
tution causes tilting of the Jahn-Teller active Mn?* Qg octahedron and yields to the stabilization of
the canted spin state in a opposite direction to the applied field through the Dzyaloshinsky-Moriya

interaction, contributing to the diamagnetic response.

PACS numbers:

Keywords: Magnetization reversal, electron doped manganite, chemical pressure effect

*E-mail: matsukawa@iwate-u.ac.jp; Fax: +81-19-621-6358



I. INTRODUCTION

CaMnOs, the end member of the Ca; ,La,MnOj3 system, undergoes a G-type antiferro-
magnetic transition around Ty ~ 120 K accompanied by a weak ferromagnetic component,
[1] where each spin of Mn ions is antiparallel to its nearest neighbors of Mn. In recent years,
the electron doped manganite system (x < 0.5) [2] has attracted much attentions because of
the possibility of observing negative magnetoresistance effect like its counterpart for x > 0.5
in the so called hole doped manganites.

In addition to a large number of researches on the A-site substituted electron doped
manganites, it has been shown that the substitution of the Mn site of CaMnOj3 with higher
valence ions than 44 such as CaMn{™, Mn3*M>*Oj, with M = Nb, Ta, V, Ru, [3, 4]and
CaMnit,, Mn3MS+Os, with M = Mo, W, [3,4] creates Mn** ions, i.e., electrons leading to
the CMR effect. For CaMng.9g6Mo0g.04O3 system, the low temperature magnetic ground state
is better described by the canted AFM magnetic structure than by the phase separated
state [5,6]. It thus is interesting to examine the physical properties of the Mn-site sub-
stituted compositions for our understanding of electronic phase diagram of electron-doped
manganites.

The negative magnetization phenomena in manganites have been originally reported in
compounds with two sublattices of Mn ions and rare-earth ions (Nd, Gd, Dy), such as
NdMnOj [7,8], (La,Gd)MnOs, [9] (Nd,Ca)MnOs3, [10] (Gd,Ca)MnOs, [11] and (Dy,Ca)MnO;
[12,13]. Some of these studies were discussed on the basis of ferrimagnetic scenario leading to
negative magnetization below a compensation temperature, where Mn and some rare-earths
sublattices are antiferrmagnetically coupled. Moreover, a phase separation model between
the ferromagnetic clusters and the canted AFM matrix is proposed, in order to account for
a possible origin of the negative magnetization in manganites [7,10].

Earlier, a negative magnetization in CaMnQOj3 with B-site substitution has been reported
[14,15]. Further, we have recently demonstrated the effect of hydrostatic pressure of magnetic
and transport properties, and thermal transport properties in the electron doped manganite
CaMn;_,Sb,O3 [16]. Anomalous magnetization reversals were clearly observed for x=0.05
and 0.08 in the field cooled magnetization while the application of external pressure induces
a suppression of the negative magnetization.

In this paper, we would like to report on the influence of chemical pressure on negative



magnetization of CaMng g5Sbg.0503 by using the substitution of Sr with its larger ion radius

for Ca site, to examine a physical role of the local lattice distortion in the magnetization

reversal phenomenon.

II. EXPERIMENTS AND DISCUSSION
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Fig. 1. (Color online)(a)X-ray diffraction patterns of (Caj_,Sr,)Mng.95Sbg.0503 (y=0.0, 0.10
and 0.15) taken at room temperature. (b) X-ray photoemission spectroscopy of CaMng gSbg20s3.
For comparison, the XPS data of both SbyO3 and SbeO5 powders are also given. (¢) Schematic
crystal structure of CaMng 95Sbg 9503 with its orthorhombic distortion, arising from the connection
pattern of MnQOg octahedra.

Polycrystalline samples of (Ca;_,Sr,)Mngg5Sbg 0503 (y=0.0, 0.02, 0.05, 0.10, 0.15, 0.2,
and 0.4) were prepared by a solid-state reaction method. The stoichiometric mixtures of
CaCOg3, Mn30y4, SbyO3 and SrCOj3 high purity powders were calcined in air at 1000 °C for
24 h. The products were then ground and pressed into cylindrical pellets. The pellets were
finally sintered at 1400 ~ 1450 °C for 12 h. X-ray diffraction data revealed that all samples
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Fig. 2. (color online)(a) Field cooled (FC) magnetization curves of the parent CaMng 95Sbg 0503
as a function of applied field ranging from 50 up to 1000 Oe. (b)FC magnetization curves
of the Sr substituted (Caj_,Sr,)Mng.95Sbg.0503 with y=0.1. (c) FC magnetization curves of
(Cai—ySry)Mng.95Sbg 0503 as a function of Sr content from 0 up to 40 % under 100 Oe. (d)
Magnetic phase diagram of (Caj_,Sr,)Mng.95Sbg.0503. Closed and open symbols represent the
compensation temperature T,y crossing a zero value in M and the antiferromagnetic Néel tem-
perature T, respectively. PM, AFM, and DIA denote paramagnetic, antiferromagnetic, and
diamagnetic phases. The inset represents T, as a function of the applied field for the both Sr0%

and Sr10% samples.

are almost single phase with orthorhombic structures (Pnma)(Fig.1(a) and (c)) [17]. The
X-ray photoemission spectroscopy (XPS) of CaMnggSby203 (Sb20%) sample was measured
at room temperature by using the Perkin-Elmer PHI-5600 system. The XPS data strongly
support that the valence of Sb ion is 5+ because the XPS profile of the Sb20% sample behaves
like that of SbyO5 in comparison to the data of SbyO3 (Fig.1(b)). The dc magnetization

measurement was carried out using commercial superconducting quantum interference device



(SQUID) magnetometers both at Iwate Univ. and at the National Institute for Materials
Science.

First of all, let us show in Fig.2(a) the temperature variation of the FC magnetization
of the parent compound CaMng ¢5Sbg 0503 as a function of the applied field up to 1000 Oe.
The magnetization reversal appears near T,y,,=~ 47 K under low fields upon decreasing
temperature. With increasing the applied field beyond 500 Oe, the behavior of negative
magnetization vanishes and it is then replaced by the weak ferromagnetic tendency. To
further examine the effect of local lattice distortion on the negative magnetization, we try to
measure the FC magnetization of (Ca;_,Sr,)Mngg5Sbg 0503 (y=0.0, 0.02, 0.05, 0.10, 0.15,
0.2, and 0.4). For the Sr10% sample, a typical magnetization curve is displayed in Fig.2 (b)
as a function of the applied field. The magnitude of the negative magnetization is almost
invariant, but the compensation temperature 7., is raised from 47 K at the parent sample
up to 58 K at the Sr10% one. The negative magnetization disappears when the Sr content
exceeds 15%, as shown in Fig.2(c), where the critical value y. is estimated to be about
15 %. For the higher Sr substituted samples, their magnetization curves exhibit the weak
ferromagnetic dependence over a wide range of temperatures.

In Fig.2(d), the magnetic phase diagram of (Ca;_,Sr,)Mng 95Sbg 0503 system is presented
as a function of the Sr content. The compensation temperature T¢,,, gradually rises from
47 K to 60 K upon increasing the Sr content up to 15%, while the Néel temperature Tx=103
K remains constant (0 <y < 0.2). For the Sb free (Ca;_,Sr,)MnO; system, the value of
Ty increases from 123 K at y=0 through 130 K at y=0.1 up to 141 K at y=0.2 with the Sr
content [18]. The Sr substitution for Ca site in the CaMnO3 matrix relaxes tilting of MnOg
octahedron and its associated change of the Mn-O-Mn bond angle, resulting in an increase
of antiferromagnetic transition temperature 7. However,in the electron doped case, there
exists the Jahn-Teller (JT) type orbital lattice coupling between 3d e, electron and Mn**Og
octahedron. In particular, the Sb3T substitution with its larger ion radius for Mn site affects
the neighboring Mn®*QOg, resulting in the variation of the orbital state of the e, electron
through the local JT effect.

Here, we assume that the appearance of negative magnetization due to the Sb substitution
is stabilized by a canted spin state in an opposite direction to the applied field through the
Dzyaloshinsky-Moriya (DM) interaction. If the substitution of Sr for Ca site gives rise to a

relaxation of local lattice distortion around Sb®*tQg, we then expect a suppression of canted



spin configuration contributing to the negative magnetization. In addition to it, the tilting
of Mn**Og octahedron without the JT active ion is relaxed by introducing the larger Sr
ion as mentioned above. The magnetization peak below Néel temperature is substantially
depressed from 0.8 emu/g at y=0 down to 0.2 emu/g at y=0.1 with the Sr content. This
finding is probably explained by a decrease of the positive canted magnetic component
associated with a suppression of the tilting of Mn**Og octahedron [18]. The Sr substitution
for A site influences more strongly the Mn**tOg major region (~ 90%)with the canted AFM
state contributing to positive magnetic component, in comparison to its effect on minor
region (~ 10%) of a canted spin state in a direction opposite to the applied field around
both Sb>t0g and Mn3tOg octahedra. Here, the occupation fraction of B site is estimated
by using the formula CaMn{™, Mn3*Sb>* O3 with £=0.05. Accordingly, it is reasonable that

the diamagnetic response is observed up to higher Sr content of 15%.

III. SUMMARY

We have demonstrated the chemical pressure resulting from the Sr substitution in the
electron doped manganite CaMny g5Sbg 0503 suppresses the negative magnetization observed
in the parent compound and induces a reversal in magnetization. The X-ray photoemission
spectroscopy gives an experimental evidence for the substitution of Sb™ ion for Mn** site,
resulting in one electron doping into Mn site. The behavior of negative magnetization
disappears when the Sr content exceeds 15%. The magnetization reversal phenomenon of
this system is not explained by ferrimagnet model because of the absence of magnetic ion
at A site. We believe that the local lattice distortion due to Sb substitution causes tilting
of the Jahn-Teller active Mn3*Og octahedron and yields to the stabilization of the canted
spin state in a opposite direction to the applied field through the Dzyaloshinsky-Moriya

interaction, contributing to the diamagnetic response.
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