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The bulk ceramic compounds Ndy gzM;, :sMn0O, (M =Mg.Ca.Sr,Ba) were prepared by the coprecipita-
ten route. Compared with the conwventional eeramue technigue, the temperature at which the compounds
were synthesized has been reduced by 400 (. The results of X-ray diffraction show 21l the samples are cubic
and the phaseformed lemperature range is affected] by the divalent alkah-earth fon (M*+). The electrical mea-

suremerrts by standard four-probe method indicate Lhe radius of M is crucial to the electrical conduction at

saimple.
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0 Introduction

The siriking correlation between magnetic order and conduetivity in La;. M, MnOs (M represents
divalenl metal ion) was first revealed by Jonket and Santenl. The alkaline earth substituted lan-
thanide elements manganites are technically important due to their intetesting electrival , magnetic and
catalytlic properties, especially the phenomenon of giant magnetoresistance in Ln; M, MnO;(Ln=lan-
thanide element. M=divalent elemeni) has attracted considerable attention 1 recent vears *7 . Some
studies reported very recently **1indicate that I-M transition lemperatures 75, of L., M,MnQ,; varies
systematically with the 1onic radius ot A-site cation. 7%, and the peak tesistivily ¢ 4,) are relevani 1o the
giant magneiotesistance phenomenon. In order 1o undersiand the effect of the ionic radius of the 4 =i
cation on the electrical conduciion in Ln, .M, MnO,, we have successfully svnthesized Ndy ¢7Ma 2a¥ 00,
¢tM=>Mg,Ca,St.Ba) by coptecipitation techmgque and the influence of the radius of M** has been dis-

cussed.

1 Experiment

Analytical pute reagent Nd.0,, MCO.{M=Mg, Ca, Sr. Ba), MnCl. » 4H.Q were used as start-
ing materials. First, the stiochiometric Nd.O, and MCO,; was dissovled in hot dilute nitric acid (equiva-
lent weight)}. Then the stiochiometric MnCl, « 4H-O was dissolved in the selution, The enough satura-
tion selution of (NH,).CO;(99. 0%7) was slowly added to the aforementioned solution which 15 being
stirted to coptecipitale. The coprecipitation solution was filtered. and the coprecipitale was washed
with distilled water for several times, baked at 150 C tor 6 hours and then heated at 900 For 13
hours. A black powder was obtained. The powder was pressed under 10 Mpa and calcined at 950 ¢ .
000 €y and 1100 C for 24 hours respectively., The bulk ceramic Nd: M, M0 was prepared.

X-ray diffraction (XRD) was carried on a rigaku MAX-RD X-ray diffractiometer ¢ Cuhe » =
1. 3418A). The resistivilies were measured by a standard four-probe method. The content of Mn'—
was determinated by capacity volume titrations. The guantitative sample was dissolved in hot phospheo-

ric acid, first, the amount of Mn was obtained by the reactions below.

AgNO,
2Mn** 35,05~ + 8H,0 : 3MnO;" + 6SOF~ L+ 16H"
. AgNO, .
Mn't 4+ 25,06 +4H.0 MnOi~ 44507 "+ 8H*
S5Fe!t +mMnO;y —gH* SFe't +Mn** +4H,0
Second, the conlent of Mn'" was obtained by the teaclions below.

IFe ™ —Mnt 2Fe’ + Mot
Fe'" +Mn'" s=—=——sFe’* |+ Mn*"

2  Results and Discussion

The diagrams of XRD for all samples are showed in Fig. 1. All samples calcined at 950 (' are sin-
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gle phase  cubic ). Compared with the
conventional ceramic techniquel® '-, the
temperature at which the compounds were synthe-

sized has been reduced by 400 . The unit cell pa-

intensiy

rameter of all samples are listed in table 1. Obvi-

ously . the unit parameter varies with the radius of

M regularty. With calcining temperature increas-
ing to 1000C. 1100C. Ndgsr Cagi MnOs ‘,_A_L_L_Lu
(NCM) and Ndg 7Ban 1/ MnO, (NBM) are still sin-

gle phase and their diffraction peaks become

sharp. 1n diagrams of Ndy 42 Mg, +wMnOs { NMM )

Intengty

and Nd, :Sr: ~MnO,(NSM ), there exists some lit-

rte 1mpure ditfraction peaks. The impurities in
NMM are Mg(0O-).. MnO, Mn,0,. Mn:0; and in
NSM are MpsOy, Mn;O04. MnQ., as indicated in
the Fig. [.

intensity

[n Fig. 2 the unit cell of a perovskite cubic

ABO; 15 given., Here A denotes a large ion [ike

N, M2+ (Mgi™. Ca’*, Sr®*, Ba'*), while B O T

stands for a small ion like Mn®*t, Mn'*. Gold-

schmidt-*) pointed out that the perovskite structure z
is stable only if the tolerance factor £, defined hy *E: d
t=(ratr)/{ra+7.)w 2, (7as . 7, denote re-
spectively the radius of jons A, B, O) approxi-
20 30 40 50 8¢ 70 A0

mately equals unity. The ¢ of all samples are listed 26/¢*)

in table 1. In NMM, the presence of impurity

Fig. [ X-ray diffracuon patterns of the samples at
9501, 1000 C. tt00C

factor / is too [ittle to bear the pyroprocessing. a=Ndo ©-Mga y2Mn0O;. b=Ndy ¢:Ca :MnO,

However., it is puzzling that NCM 15 still single ¢=Nda 415ty 5:Mn0s. d=Ndy sBag aMnO-,

# MnO., "1 Mn;0,, @ Mg{0;};,

X Mn;0,, “/MnO

may be attributed to the reason that the tolerance

phase at [100 C while there are impure phases in
NSM despite that the ¢ of NSM is [arger than that
of NCM.

In Fig. 3. the resistivity dependencies of tem-

1
o
i

perature for all samples are showed. NMM and o

n——

NCM are semiconductor-like, the resistivity transi-

tion peak develops at 200K, 9¢. 2K for NSM,

NBM respectively. It should be noted that at 57 K Fig. 2 Unit cell of perovskite (ABO;)
there is a little resistivity peak in NBM. In order

to get better insight into the clectrical conduction mechanism, the Lnp vs 1/7 relation is showed in

£ OO0 http://www.cqvip.com|
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Fig. 4. The linear relation between Lnp and 1/7 indicates all the samples are semiconductor-like in
high temperature region, according to the formula p= py; e*" of the electric conduction of semiconduc-
tor. the estimated values of the thermal activation energy of NMM, NCM, NSM, NBM are 180. 2
meV., 171.8 meV, 142. 6 meV, 149. 3 meV respectively. But in low temperature region, NMM and
NCM is insulator while the electrical conduction of NSM and NBM change from semiconductor-lik to

metal-like{S-M transiton).
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Fig. 3 Temperature dependence of the resistance of the samples
a=Ndg. o:Mgy, ;sMn0s, b=Ndy, ;7Cag ssMn0y, c=Ndg,erStp sMnOs,
d=Nd,, arBay, ;sMnO;

Due to the hund rule, the Mn’* in NdMnOj; have three electrons in the &, orbit and & single clec-
trons in the e, otbit. There is Hund coupling between ity spin and e; electrons within which there exists
on-site coulomb repulsion, NdMnO; is antiferromagnetic (AF) insulatorl™®]. The substitution of Nd
atoms by divalent ions (Mg®*. Ca**, Sr?*, Ba®" ) causes equal number of Mn'* ions to appear,
namely . it leads to a deplerion (or vacancy ) of the e, otbit which now become available for electrons of
the surrounding Mn** ions to jump into the empty states. Because the hybridization of Mnd-0 27 is
strong and there is no direct coupling between Mn ions, The e electron of Mn** transfer to Mn‘*t va-
cancy of e, via O anion in Mn™-0?"-Mn*'* bond. So the deviation of the angle of Mn* O~ -Mn**
bond from 180" will affect the hopping of e, electron. In order to study the influence of alkali-earth
ions’ radius, The nominal stoichiometry of M(M=Mg, Ca, Sr, Ba) in every sample are designed to
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be same. In fact, the content of Mn't (listed in

&
table 1} are proved to be approximately egual in 5 1
all samples by titration analysis. 1t can be conclud- “. 6
ed that the number of carries in every sample E
should be equivalent roughly. In order to expiain NE 4
the electric conduction of the samples, the lengthy 52 "
of ideal Mn®+-0?~-Mn®* bond is hypothesized to c
be dv= Tmnis+:+ 2focz->t+ Tumepr= 3. BE 01
(rvmasr, =0, 70, roiz-v=1. 32, runias; =0, 52).
From table 1, the relations between a and 5 in *20 10 20 3b 40 50

NMM, NCM, NSM and NBM are a=3, B034<C

dy, 2=3. 8125<dy. = 3. B565axds and a=23, Fig. 4 Lng vs 1000/7 relation curve of the samples
a=Ndy, ;vMgo. 5sMn0;, b=Nd,, s7Cap sMnO,,

8838>>d» respectively. Obvicusly, the degree of = Ndy, o7Ste.sMnOs , = Ndo B 5sMnOs

mismatch which cause the deviation of the angle of

Mn**-0*~-Mn'* bond from 180" between & and d,, varies with the radius of M®* {ryy e, =0. 784,
Fe+y = 1. 06A, reavr=1. 27A, Tause,=1. 42A).

Goodenought'®] gave a qualiiative theory on the magnetic interaction in the manganites, which is
based on a special type of covalent bond between Mn-and O-ions, the semicovalent bond. For this
bond the distance between the ions is very important. Small lattice constants lead to antiparallel, larger
ones to parallel coupling of the magnetic moments of ions sharing one O-ion. In low temperature re-
gion, the moment of t3 in Mn ion begin to order. Due to the quite large deviation of the angle of
Mn*7-0*"-Mn** bond and the short distance caused by a<d, between Mn** and Mn**, according to
the Goodenough's theory, the align between Mn®™ moment and Mn"" moment may be antiparall ( AF)
which is more stable than the align between Mn** moment and Mn®* moment is parallel (FM) in NMM
and NCM. Sequentially, the hopping of e, electron in Mn'*-0?~ -Mn** bond is very difficult and they
become insulator. Since a is close to d, in NSM and larger than di in NBM, the distance between
Mn** and Mn*" is almost equal to and larger than that of the ideal Mn** -0~ -Mn**+ bond in NSM and
NBM respectively. So in both of them, the deviation of the angle of Mn** -0~ -Mn"'" bond is little,
the align between Mn®* moment and Mn®* moment may be parallel which is more stable than AF in
them. Due to the double exchange coupling!®!, the transfer. of e, electron in Mn** -0~ -Mn** bond be-
comes very easy, and the electrical conduction chenges from semiconductor into metal in NSM and
NEM (the little resistivity transition peak at 57K in NBM should be further researched).

Table 1 Cryatal Unit Parameter, Tolance Factor (t) and Percentage of Mn'* for Samples

samples Ndo. a7Mga. 33MnOy Ndp, 52Cay. ssMnOy Ndyg, s78r0 33Mn0y Ndg s7Bap 3sMnpOy
unit cell parameter 3. 8034 3.8126 3. 8565 3.8888
¢ 0. B468 0. 8801 0. 5051 0,9242
bqmal Mni+ 32 31 31 30

In high temperature region, the Mn moment is disorder. There is no AF or FM coupling, the elec-
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trical conduction of all sample is semiconductor-like. According to the scenaric hypothesis, the order
of the values of D{D= |a—d,|) should correspond to that of the degree of the deviation of the angle
of Mn?*+-0" -Mn'" bond. Since the order of the values of D is Drsy= 0. 0035 < Dumu=0. 238 <
Drem= 0. 475< Dy = 0. 566, the active energies oder should be Eusm < Ewem < Enen < Ewmm » which is
well consistent with experimental data.

In summary, Ndg srMp 2aMrO;{M=Mg, Ca, Sr, Ba) were perpared by coprecipitation route.
The temperatute at which the compounds were synthesized has been reduced by 400°C. The influence
of the radius of M on structure, The temperature at which the compounds were synthesized and electric
conduction was studied. The hypothesis of AF and FM magnetic structure was proposed to explain the

electrical conduction of Ndy, ovMs, sMnQ;{M=Mg, Ca, Sr, Ba}.
Acknowlegements; This work is supported by the Foundation of Scientific Research of Anhui province.
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