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ABSTRACT

Electron-doped perovsksite manganese oxide Prq;,CagsMnO; samples were synthesized using Sol-gel reaction
method at different temperatures. The results of X-ray diffraction suggest that all the samples are single
orthorhombic phase with a perovskite structure. Oxygen contents of all samples were determined by iodometric
titration. The results show that oxygen loss increases and sample grain size increases with sintering temperature
increasing. Therefore, our study results confirm that the oxygen content and electron concentration can be regulated
by adopting different sintering temperature, so as to control ultimately the properties of materials.
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INTRODUCTION

In recent years, for perovskite manganite’s systere attentions have focused on the hole-dopedyamite’s
which display spectacular colossal magneto resist48MR) effect®.. In contrast, less work has been done about
electron-doped manganiteté &, which also show interesting phenomena of perdeskianganite’'s. In these
phenomena, CMR properties are very important, becadi CMR wide application prospects in electroniBst
more difference properties exist between hole-doged electron-doped manganites. First of all, thgsal
properties of electron-doped manganites are marsitaee to the concentration of charge caffié. Second, for
electron-doped manganites, CMR exists only in aawarange of doping. The physical properties ofopskite
manganites RA,MnO; system are not only associated with the averagéeAeationic radius and A-site cationic
size mismatch, but also strongly influenced by ewriation of charge carriers. Moreover, the phdagrdm of
Pr.,CaMnO; shows the asymmetry hole-doped and electron—dnqz@dn[lz]. Therefore, further research about the
physical properties of electron-doped manganitssilisnecessary to understand manganites moretigy.

In this paper, we study electron-doped manganigeds MnOs, by changing the sintering temperature to adjust
the oxygen content and concentration of chargeiezar©ur results give strong evidence for the mfice of
sintering temperature on the electron concentratfdche samples.

EXPERIMENTAL SECTION

The electron-doped perovsksite manganese(s MnOs; samples were prepared using Sol-gel reaction method
different temperatures. First of all, the stoichéirit of PgO;,, precalcinated in air at 800, were dissolved then
mixed with Mn(NO} and Ca(NO3) 4H,0 in distilled water. The molar ratio of citric dcand metal cations is 1:1
in solution. Second, the solution was heated ainek@dtin order to form a gel. The gel was evapatatbout 7 h at
120Cto get powder. The powder was ground, pressed piaaé sintered about 12 h respectively al80Q00C,
1000C and 130CC.
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RESULTSAND DISCUSSION

1. Test and analysis of crystal structure

X-ray diffraction (XRD) patterns were collected the Bede D X-ray diffraction spectrometer with Cud¢adiation.
Figure 1 shows XRD pattern of f€a MnO; samples at different temperatures. The patternr@fC@, ;MnO3
(PCMO) samplespresents that the PCMO is the sipgtevskite structure with orthorhombic as deterrmhitgy
XRD patterns. Crystal cell parameters éor 0.749198 nmb = 0.531312 nm¢ = 0.529325 nm, crystal cell volume
V =0.21070 nrh
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Fig.1 The X-ray diffraction pattern of Prq;CageMnO3; samples

From Fig.1, we can observe clearly that the diffacpeak become gradually sharpening and peakhwvidtome
narrowing with increasing sintering temperature ifM@ason for change of diffraction peak widthHattthe change
of grain size of the samples. The grain size (Dyashiple was found to obey Scherer'sequation
D = KA/(B-B, )os8 (1)

Table .1 Thegrain size of Prq;CagsMnOz;samples

sample  A(hm) B(°) &°) D(nm)

800°C  0.154184 0.35468 33.799 28.4
900°C  0.154184 0.26529 33.733  47.7
1000°C 0.154184 0.22706 33.825 77.3
1100°C 0.154184 0.20133 33.749 >100
1300°C  0.154184 0.17932 33.746  >100

WhereB is the actual measured half peak widhjs the diffraction peak broadening caused by tis¢rimentK is
constant/ is X-ray wavelengthg is Bragg diffraction angle. In Table 1 the graimes of all samples are shown.
Moreover, Table 1 show the B value of 800 ° C saniplthe biggest of all, so according to Equatibntkie grain
size D of 800 ° C sample is smallest. It is cleassben that the B value decreases with increasimgriig
temperature, but the grain size D begins to growvitip increasing sintering temperature.

2. Test and analysis of theiodometric titration
In order to determine the average state of mangaipesand oxygen content in the samples, the iotlariération
of the Pg 1Ca oMNO; samples were measured.

A certain amounts of RiCa MnO; samples were dissolved inHCl,at the same time dnix¢h required amounts
of Kl. In the process, B site ion of the sampldhe original state reacts with Kl ion, sgprecipitate out. Then|
was deoxidized using the known concentration of@; solution. After that, the volume of b&O; solution was
recorded. According to the volume, the amount of33@; can be calculated. Then based on the reactiortiegua
the sample average valence state of ions and grgeaxcontent of the sample can beachieved.
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Table.2 Theresult of iodometric titration of Pro;CageMnOsy

average state of  Mn®*: Mn*

sample oxygen loss ;

manganese ion
800°C 0.072 3.758 0.32:1
900°C 0.075 3.752 0.33:1
1000°C 0.081 3.740 0.35:1
1100°C 0.084 3.732 0.37:1
1300°C 0.093 3.716 0.40:1

Table 2 shows the results of iodometric titratitinis clearly seen that oxygen nonstoichiometricuss in the
process of sample preparation. As shown in Tablexggen content decreases and oxygen loss increaeshe
increase of sintering temperatures.

Sintering temperature increasing from 800 °C to(L00, oxygen loss increases in a MnO; sample, which
introduces more gelectrons into the material. However, when théesing temperature rise to 1100 °C, furthgr e
electrons are introduced, which causes the lodadizaof electrons, so that ferromagnetism is sugged.
Consequently, obvious antiferromagnetic propertpeaps forthe sample sintered at 1300 °C.Theretbreugh
different sintering temperature to adjust carrienaentration and oxygen content of g MnO; samples, we
achieve the purpose of control the material phygioaperties, namely change the magnetic and @attransport
properties of the sample.

CONCLUSION

In summary, the concentration of charge carriegl@ctron-doped BrCa jMnOshas been adjusted successfully by
adoptingdifferent sintering temperature. We havesented and analyzed the iodometric titration daftta
Pry.1Ca sMnOz samples in detail. Measurement based on the iodmntétation has found more oxygen loss in
sintering temperature increased from 800 ° C to010€. Due to MfA*ions change into Mh' ions, gelectronic
increase in materials. However, when sintering &majure continues to raise to 1100 ° C, mqyeslectron is
introduced, and when the concentration is high ghouocalization of electrons emerges. Thereforg, study
confirms that the oxygen content and concentratfocharge carrier can be regulated by adoptingudfit sintering
temperature.
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