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Abstract

In this work, electrical and magnetic propertied ef ,AgiMnO3z (LAMO, 0 < x <
0.5) polycrystalline ceramics with doubkxchange (DE) effect and Jafieller (JT)
distortion were studied using a combination of tfiminciples calculations and
experimental methods. The GGA + U method was usexbirect the self-interaction
error (SIE) that was encountered in first princgpbalculations. With the increasing of
Ag, energy band gapg;(or Eg) of LAMO ceramics and the JT effect decreased|avhi
the DE effect was enhanced. LAMO polycrystallineaoeics & = 0, 0.1, 0.2, 0.3, 0.4
and 0.5) were prepared by conventional-gel method in order to verify the
calculation results. The >ay diffraction revealed that the structure of LAMO

ceramics transformed from single phase to multiphesx was increased. The-T
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curves suggested that the metal to insulator tiansiemperatureT) and DE effect
were improved ag increased, which was in good agreement with tis¢ firinciples
calculations. In addition, the temperature coedfitiof resistance (TCR) at the peak
temperature Tx) and magnetoresistance (MR) at the peak temperdly) were
obtained with differenk. Forx = 0.5, the value oTCR andMR reached 8.5% K™
and 21.86, and theT,, Ty and Ty, were 304, 291 and 298 K, respectively, implying
that the electrical and magnetic devices of LAMQac&cs could operate at room
temperature (300 K). XPS results indicated that tbecentration of Mt ion
increased with increasing The ratio of MA"/Mn*®" reached 1 2, which had the

strongest DE and magnetoelectric coupling effeckfo 0.5.

Keywords. Electronic structure; Doubtexchange (DE) effect; Temperature

coefficient of resistancd CR); MagnetoresistancéiR)
1. Introduction

Doped manganite based on,R\MnO;3 (R = rare-earth ion, such as La, Pr, Nd and
A = divalent elements, such as Ca, Sr, Ba) polyatiyse ceramics have been
intensively studied [1-6] due to their interestiplgysical properties such as colossal
magnetoresistance (CMR) [7], metisulator (M-1) transition at room temperature,
thermoelectric properties [8-10], data storage aragjneto refractive effect [11-13].
The doubleexchange (DE) mechanism [14, 15] based on the tdangling of theg,
andtyg electrons played a key role in the understandingeoovskite magnetic and
electrical properties, and hopping ef electrons between Mh and Mr* ions.

However, Millis et al. [15] argued that th&€€MR in R;,AMnO3 polycrystalline



ceramics could not be interpreted by DE alone, waibus other factors such as
JahrrTeller (JT) effect need to be considered. The 3dcethanged the MO bond

lengths and also introduced distortion in the MioGtahedron.

Recent studies have focused on divalent dopingaMnO; (LMO) polycrystalline
ceramics [2, 16, 17], However, compared with digtledoped manganites,
monovalent metal doping (such as Ag, Na, K) sekkd further investigation ascribing
to its significant electrical and magnetic propesti In addition, the monovalent
doping in LMO has similaCMR and M-I transition properties compared to divalent
doping, but different charge, spin and lattice iatéions due to differences in valence
and ion size. The temperatures of-IMransition {T,) have also been studied from
180~340 K for LaxAxMnOs; (A = Na, K, Ag) in previous studies [4, 12, 13,].18
However, among these polycrystalline ceramics inAf@VInO3, there haven't been
detailed studies focusing on room temperafly®r the combination of DE and JT
effects. Thus, in this paper, the effect of Ag agpLMO on structural and electronic
transport properties were studied using a comlmnatf experimental methods and
first principles calculations. HighCR andMR near room temperature were obtained
for La;AgxMnO3; (LAMO) polycrystalline ceramics. The Cambridge seqtial total
energy package (CASTEP) code, and general gradigmtoximation (GGA) with
PerdewBurke-Ernzerhof (PBE) from first principles were carriedt [19]. In order
to correct for the self-interaction error (SIE)eteGA + U approach [20-24] was
adopted to improve the accuracy of calculationsh Wi = 2.5 eV being applied in the

Mn 3d state. The total and partial electronic densiiésstates (DOS, PDOS)



suggested that the DE andTJeffect intensified and diminished with increasixg

respectively, which was in consistent with the expentalp—T curves.

2. Method and details

2.1. Computation details
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Fig.1. Schematic of unit cell structure of LAMQ £ 0, 0.3, 0.5) for first principles calculations.
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Fig.2. La/Ag relative configurations structures and egpexg a function of structure for LAMGX (
= 0.3, 0.5) ceramics, respectively. (a¥ 0.3, different Ag atom location structure~d) and
energy versus structure curves (i) for LAMO ceram(b):x = 0.5, different Ag atom location
structure (a~ f) and energy versus structure curves (g) for LAb#Damics. Here, La and Ag

atoms represent in green and dark red colors, cégply.

As shown in Fig 1, the seyel method was used for experiments and calcukation

were performed based on density functional theddyT() for LAMO crystal

rhombohedral structure with space groﬁiéc . The mpit structure of LAMO



was investigated theoretically by first principlesing the GGA + U approach. In
order to obtain the most stable structure fromt fmsnciples calculations, different
La/Ag ratios were considered for LAMO € 0.3, 0.5) ceramics, as shown in Fig 2.
The energy as a function of structure was alsoetiiéds shown in Fig 2 (a) i and (b)
g. Since the structures of d fer= 0.3 and c¢ fox = 0.5 had the lowest energy, and
they were chosen for the calculations for this wdrke different proportions of La
atoms in the A site were substituted by Ag for LANd@rovskite structure [17, 20].
All calculations were carried out by the CASTEP eodnd utilizing the GGA (PBE)
with Coulomb correlations (U = 2.5 eV). We employadLx1x1 unit cell LAMO
rhombohedral perovskite with lattice parameters b = 5.518A andc = 13.3554,
which contained 12 La atoms, 16 Mn atoms and 1808s as shown in Fig 1. The
cut-off energy of 500 eV and a 5 x 4 x 5 Monkhepsick k-point mesh in the
Brillouin zone were employed to obtain the reliablculation results. In addition,
the electronic and ionic convergence toleranceyémmetry optimization was set to 5
x 10° eV and 0.01 eV/A, respectively. The maximum streikin 0.02 GPa, and the

max displacement using 5 x 18.
2.2.  Experimental method

Bulk polycrystalline LAMO(x = 0, 0.1, 0.2, 0.3, 0.4 and 0.5) ceramics were
prepared by the sedel method. The starting materials composed of CafNnH,O
(99.99%, from sinopharm chemical reagent), Mn{N@queous solutions (50% by
mass, from sinopharm chemical reagent) and AgNf@m sinopharm chemical

reagent), were dissolved in 208 deionized water under continuous stirring. Citric



acid and ethylene were used as complexing and olgmg agents, respectively.
The mixture was heated until a foamed gel was fdrimemagnetic stirrers. Then, the
foamed gel was dried at 140 °C for 12 h and grdntwpowders. The powders were
then presintered at 900 °C for 12 h and pressed into gedet pressure of 16 MPa.

Finally, pellets were synthesized at 1100 °C foh12

The structure of the prepared LAMO ceramics wasrattarized by Xray
diffraction (XRD, Rigaku Ultima 1V) measurementstwiCu K, radiation. The grain
sizes and morphology were examined by field emiss@anning electron microscopy
(FESEM, HITACHI, SU8010). The electromagnetic pemiance indicators were
measured by conventional feyorobe method at temperature ranging from 100 to 320
K and external field of 1 T using Keithley Instrunmi® X-ray photoemission
spectroscopy (XPS) was employed to study the stoiodtry and valence state of

polycrystalline ceramics.

3. Resultsand discussion

3.1. Calculation of eectronic structure
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Fig.4. Density of states (DOS) of different Ag dopingédéfor LAMO: (a) LaMnQ, (b)

Lag 7Ag0.sMNOs and (¢) La sAgo.sMnOs.
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Fig.5. Partial DOS (PDOS) of LAMOx(= 0, 0.3, 0.5): (a) LaMn§) (b) La 7Ago.sMnO3, and (c)
Lag sAgo.sMNnOs. For Ag and Mn orbital DOS, the black and the cadves represents the 4d, 4s
and 3d, 2p orbitals, respectively.

Table.l.

Indirect &) and direct energy band galRg, Mn magnetic moment and average atomic partial
charge @) from band analysis for LAMOx(= 0, 0.3, 0.5) polycrystalline ceramics.

x (mol%) 0 0.3 0.5

E (eV) 1.29 0.37 0.06
Eq (eV) 151 0.79 0.23
e (L) 4.06 3.63 3.33
Quin () 0.62 0.68 0.74
Oag (€) 0.0 0.22 0.38

The band structure, Mn magnetic moment and aveat@mic partial chargeqy
obtained from first principles for LAMOx(= 0, 0.3 and 0.5) are shown in Fig 3 and
Table 1. From the band structure it is evident thktthe structures exhibited

insulating characteristics. The direct band day) (vas~1.51,~0.79 and~0.23 eV



forx =0, 0.3 and 0.5, respectively. This decreaseantitlgap with increasingcan be
attributed to the change of spin polarization teaulting in a faint splitting of Mn 3d.
Meanwhile, Eq4 of 1.51 eV for LMO was in good agreement with poers
experimental reports, which were in the range d+2.0 eV [25, 26], and also similar
to the previous calculation studies which reponatiies of 1.427 eV [24], 1.21 eV
[27] and 1.64 eV [23]. In addition, asincreased, the Mn magnetic momeps)(
decreased from 4.06 to 3.38. The average atomic partial chargg,{) increased
from 0.62 to 0.74 with Ag contents increasing, indicated that Ag idgpresults the

concentration of Mn3+ decreased and*fenhanced.

The DOS and PDOS (Ag, O, Mn) for the differenixafre shown in Fig 4 and Fig 5.
By combining with Fig 3, it was clear that the My (egi and egf ) splitting
reduced with increasing, and hybridization between Ag 4d and O 2p orbitals

enhanced. The Mregi ane,’

- orbitals located at the dbpalence and the

bottom of conduction band, and @ @rbitals above MntigJ states dominated the
valence band. MntzggJ orbitals shifted to low energyatence and conduction band.
In addition, the energy separation E:(fegf) - E( egi ) resulted from the JT splitting
band based on previous work [2a(egf) - E(egi) corresponded to the indirect
band gap i) and decreased from 1.29 to 0.06 eV, which sugdesiat the JT effect
diminished with increasing. The DE effect based on the Hund coupling betwden

g and tzggJ electron was also studied as a functior, @ shown in Fig. 5. Due to
the strong orbital overlap of Mg and O 2p, the energy difference between @g

and O 2p orbital was regarded as the energy difteréetween Mntg’g angl. As a



result, Mn t23g and O 2p were respectively shiftedow Energy and high energy in
valence band as increased. This indicated that the energy diffeeebetween Mn
t;

¢ and O 2p orbital was augmented. Therefore, theggnifference of the Hund

coupling betweery and t23g increased, and indicated DE effect was emthnc

3.2. Analysisof structural
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Fig.6. (a). X-ray diffraction patterns of the LAMG € 0~0.5) polycrystalline ceramics. (b).

Enlarged plot of main peaks in thé ange of 31.5~34 °. (c). Rietveld refineerdy diffraction
pattern of LgsAgo.1MnO;3 polycrystalline ceramics.

Table.2

The experiments and calculation for LAM®= 0, 0.3, 0.5) structure parameters lattice consta
cell volume, Mr-O bond length and angles and th€dtors of Rietveld

LaMnOs Lag 7Ag0.sMNnO3 Lag sAgo.sMnO3
Structure parameters
Exp/Cal Exp/Cal Exp/Cal




a(A) 5.518/5.663 5.513/5.654 5.509/5.540

b (A) 5.518/5.662 5.513/5.654 5.509/5.539

c(A) 13.355/13.577 13.358/13.669 13.359/13.743

V (A% 352.227/383.069 351.630/371.071 351.011/364.652
<rp> (A) 1.36 1.34 1.32

dvin-o (A) 1.967/2.089 1.965/1.985 1.964/1.984
Bvin-o-vn (©) 162.184/155.500 162.187/154.496 162.188/159.833
R, (%) 4.411 4.708 5.912

Rup (%) 5.797 6.400 8.075

Ry (%) 5.389 5.416 5.291

X 1.158 1.397 2.320

XRD was performed for LAM@x = 0, 0.1, 0.2, 0.3, 0.4 and 0.5) polycrystalline
ceramics. As seen in Fig 6 (a), unmarked peaksdltm perovskite structure LAMO,
and marked peaks correspond to metal Ag withk®jrphase. It was clear seen that
the MO, (PDR#24-0734) phase occurs in the LAMO compound by Aginig. At
low Ag contents (0< x < 0.2), the structure was mainly composed of perdeski
structure phase and M, phase. However, fox=0.3, the metal Ag phase
(PDR#04-0783) occurs in LAMO ceramics were composedenbyskite, MRO,4 and
metal Ag phase. These results suggested that thiilgg limit of silver was around
0.3, which was in accordance with the different kgoof the literature had reported
[13, 18, 29]. All polycrystalline ceramics exhildtehombohedral perovskite phases
with R space group, as shown in Fig 6 (b). The XR2tweld spectra of
Lap sAgo.1MNO3 were studied, as shown in Fig 6 (c). Also, the ltesior Rietveld
R-factors and structural parameters for LAMO=(0, 0.3, 0.5) ceramics are shown in

Table 2. The LAMO structure (ICSD, 153552) to waedito fitting the XRD spectra



of x < 0.2. At high Ag contents (0.8 x < 0.5), the LAMO structure (153552, from
ICSD), metal Ag phase (PB#04-0783) and MsO, (PDHt24-0734) phase were used
to fit the XRD result, respectively. Since*aon (1.36 A) was substituted by Agpn
(1.28 A), the average radius of-gite cation<ra> decreased from 1.36 A € 0) to
1.32 A &= 0.5). Meanwhile, the parametexsb and MO bond length were slightly
shortened, whereas the parametand Mn-O bond angles showed minor expansion.
This resulted in a smaller volume of the LAMO cafstructure due to doping of Ag.
As the proportion of Ag doping enhanced, the chaggif lattice parameters were
consistent with previous studies [29]. Moreovee #verage size of-Bite cation was
reduced with the increase of Krcontents, since M ion (0.53 A) is smaller than

Mn®*ion (0.645 A). The change inis defined as:
— r.A + I’-O
r=—="—— 1)
V2(r5 +15)

Wherer; represents the radius of i ions, also play an mapae role in MrRO bond
angles, leading the distortion of Mp@ctahedron. Meanwhile, the parametard
andc based on DFT calculation of bulk structure LAMO=0, 0.3 and 0.5) are also
presented in Table 2. Comparing experiment witltudation results showed that
and b decreased from 5.518 to 5.510 and 5.663 to 5.54frAexperiment and
calculation results, respectively, asaried from 0 to 0.5. The parametercashowed
a minor increase. As a result, the trend changeacdmeters calculations was in a

good agreement with our experimental results.



Fig.7. SEM images of LaAg,MnO; samples. (a)(f) represenk = 0~0.5, respectively.

The surface morphologies of L#&g«MnO3z (0 < x < 0.5) samples at the same
magnification of 2um as shown in Fig 7(a)-(f). All samples displaye@ferable
compactness with few pores, and fine crystalling whtained. The crystallinity was
improved with Ag doping. The grain sizes were colieéd by the doping addition,
which the increased of grain sizes with "Adoping increases were observed. In

addition, the grain sizes have an effect on the bmmof grain boundaries, in turn



change the resistivity of LaAgMnO3; samples.

3.3.  Electrical transport and magnetic properties
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Fig.8. Plot of electrical resistivity as a function ofrtgerature at 0 T for LAMOX(= 0~0.5).

The resistivity as a function of temperature forM@ ceramics in the temperature
range of 100 to 320 K is shown in Fig 8. The peaMse of resistivity also listed in
Fig 8. All ceramics exhibited ferromagnetic metalproperty at low temperatures
(do/dT > 0) and paramagnetic insulator characteristicsgittemperatures (@dT <
0). The polaronic effect made thgandt,g electrons to have the same spin alignment
and displayed ferromagnetic metallic behavior at-femperature. In contrast, for
paramagnetic insulator behavior, the spin electvegre disordered betweegandtyg
orbitals at hightemperature. Furthermore, &swvas increased, the Mg, electrons
transitioned from localized state to delocalizeatestthereby leading to an increase in
the conduction electron density of polycrystalleggamics. It should be noted that the

resistivity occurs sharp decreasexak 0.2. The reasons might be caused by the



uniformly of grain sizes and grain boundaries. i F, we can see that the grain sizes
were much uneven for= 0 and 0.1. Ax increasing (0.X x < 0.5), the grain sizes
grow more evenly than low Ag contents, thereby migh result the reduction of the
grain boundaries and grain boundaries scatterihg.résistivity of LAMO decreased
from 0.52 forx = 0 to 0.04 foix= 0.5. Meanwhile, th&, increased from 251 K for

=0 to 304 K (room temperature 300 K) for 0.5. Based on previous studies [30, 31],
the JT and DE effect play an important role in lagars and metallic behavior,
respectively.T, improved with increasing, and the JT and DE effect receded and

enhanced, respectively. It was also in a good ageaewith our calculation results.

TCR (K™Y

; W4 L | *=0
0
" 1 " " 1 " 1 "

220 240 260 280 300 320
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Fig. 9. TheTCR (%) as a function of temperature for LAM®= 0~0.5) polycrystalline ceramics.

The TCR (%) as a function of temperature for LAMQ € 0~0.5) ceramics is

shown in Fig 9. Th@CR is defined as follows:

TeR = (2% 3Py x100% @)
p dT



where,p andT are resistivity and temperature, respectively. Wittreasing ok, the
TCR peak temperature3y) increased from 244 K for= 0 to 291 K forx = 0.5. The
values ofTCR decreased first and then increased, from 4.46r% $00 to 8.58 % for

x = 0.5. Atx = 0.5, theTCR reached a maximum value of 8.58% &paeached room
temperature (291 K). The peakCR value depends on many factors, including
sintering temperature, preparation method, graiessithe tolerance facterand the
resistivities of the samples. At low Ag contents{x < 0.2), the reduction ofCR
values might be caused by the replacement of Lé&#yofg results in a decrease of the
tolerance factot. As Ag content increased to a certain extarnt (.2), the influence
of resistivity and grain sizes play a dominant rolethe peakTCR values. The
samples resistivities significant reductions andirgrsizes were improved, which
leaded to the peakCR values increased. In addition, the Ag occurs enfdrm of the
second phase at grain boundaries and interfaces @pew channel for the electron
transport, which leading to decreases phef the samples andCR increased.
Meanwhile, based on previous reports [32], incregasine conductivity along with an
enhanced DE effect should gradually increa€R. These data suggested that high
TCR value of this report polycrystalline ceramics abylotentially impact their

applications in uncooled bolometers or infrarededtgirs at room-temperature.

TheMR is defined as:

MR(%6) = (22— PHx100% 3)

0

where, pp and py are resistivity at 0 and 1 T magnetic field, retpely. The MR



versus temperature for LAMO € 0~0.5) is shown in Fig 10. A magnetic field oT 1
resulted in the increased ordering of electron smifi Mr®* and M, and it was
easier for electrons to transition between®*fand Mr"* ions as compared to the 0 T
case. Thus, the resistivity at 0 T was higher thah. The MR curve displayed a
similar variation with increasing temperature, whit initially increased and then
decreasedl,, increased from 248 Kk(= 0) to 298 K x = 0.5), which was obtained at
room temperature. The valuesMR decreaseftrom 31.3% x = 0) to 21.6%X = 0.5)

at room temperature. Two typesMR have been confirmed in perovskite manganites
oxides, intrinsic and extrinsiglR, which induced by DE effect and tunneling effects
between the grain boundaries (GBs), respectivelyas noted that the spipolarized
tunneling phenomenon for GBs play a key role in ke properties, because of the
values of MR were decreases gradually with GBsem®ing. Meanwhile, based on
previous research [1, 33], the spoolarized tunneling phenomenon could have an
important influence oMR, and the enhanced spin disorder with increagited to
lower MR. Meanwhile, the diamagnetic feature of Ag was ase of factor for the

lowering ofMR.

MR (%)
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Fig. 10. TheMR (%) as a function of temperature for LAM®= 0 ~ 0.5) samplesat1 T
magnetic field. (af) represent the doping= 0~0.5, respectivelyThe inset graph ig—T curves
under different magnetic field (O T, 1 T).

A summary of thel,, Ty, Tm, TCR andMR with the different o level is shown in
Table 3. Results indicated that the Ty, Tm, TCR andMR could be controlled by the
dopingx level. With the increasing, theT,, Tk, T andTCR were augmented bMR
declined. Atx = 0.5, the highTCR (8.58 %) andVIR (21.6 %) were obtained at room
temperature, which means that the LAMO ceramic$dcbe used for photoelectric or

magnetic devices at room temperature.

Table. 3.
The values of, Ty, T, TCRandMR for LAMO (x = 0~ 0.5) polycrystalline ceramics.

x (mol%) 0.0 0.1 0.2 0.3 0.4 0.5

T, (K) 251 274 293 295 301 304




TCR (%) 4.46 3.89 3.78 4.62 7.03 8.58

T« (K) 244 267 278 280 288 291
MR (%) 31.3 28.5 22.1 23.8 21.7 21.6
T (K) 248 272 284 286 292 298
3.4 Analysis of XPSresults

The XPS spectra of Mn 2p and Ag 3d levels showrrign 11 indicate that the
doping of Ag was successful in the LMO ceramicst Fg 11 (a), ax = 0, the
binding energies (BE) of Mn 2p and Mn 2p,; orbital were 653.38 eV and 641.73 eV,
respectively. Fok = 0.5, the BE of Mn 2f» and Mn 2p, levels were 653.13 eV and
641.63 eV, respectively, as shown in Fig 11 (b)m@ared tox = 0, the BE of Mn
2p12 and Mn 2p, orbitals forx = 0.5 shifted to lower energy. In addition, asvghan
Fig 11 (a) and (b), the value of BE Mns2pevel was between the MD; (641.4 eV)
and MnQ (641.8 eV), which was indicative of Mn ions existias MiA* and Mri*.
The fitting curve for different ok level doping was also measured. The concentration
of Mn** in (Mn®*" + Mn*") was estimated to 20.54% and 33.29%>ar 0 and 0.5,
respectively. Thus, ratio of MffMn®* was characterized from:14 forx=0to 1: 2
for x = 0.5, which indicated that the concentration af*Vincreased and DE effect
enhanced with the increasingofFurthermore, the volatilization of Ag might leadi
to the formation of the vacancies on La and O sttesse also play an important role
in the valence state of Mn. Meanwhile, the XPS spedor x = 0 and 0.5
polycrystalline ceramics was determined, the défifierelements orbital were labeled
in Fig 11 (c). The replacement of La ion by Ag llesin a decrease of the Lasggcand

3ds, level forx = 0.5, And the Agand Ad level occurs fok = 0.5 compared t®= 0,



which was good agreement with XRD results. Othezwia order to obtained the
existence form of Ag fok = 0.5, the Ag 3d level spectrum was measuredc f010.5
as seen in Fig 11 (d). The BE of Agsgdind Ag 3@, orbitals were 374 eV and 368
eV, respectively. Based on previous studies [34-8&] BE of Ag 3¢, was between
the value for A§ (368.7 eV) and A (367.6 eV), which indicated that the metal Ag
and Ad coexisted fox = 0.5. Meanwhile, the difference of binding enebgtween
Ag 32 and Ag 3@, was 6.0 eV, which indicated that the metal Ag Edsnx = 0.5

[37]. This was also in agreement with XRD patterns.
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Fig. 11. (@), (b) Mn 2p levels spectra and fitting curve f&MO (x = 0 and 0.5), respectively. (c)
XPS spectra for LAMOX= 0 and 0.5) and (d) Ag 3d level spectra for LAMG=(0.5).



4. Conclusions

In summary,the electronic structures of LAMO & 0, 0.3, 0.5) polycrystalline
ceramics with rhombohedra structure were calculbie@€ASTEP with DFT by first
principles calculations method, using the GGA + lthim PBE approach. The band
gap and DOS were also studied for LAMO ceramics X=00, 0.3 and 0.5, thig and
Eq were 1.29, 0.37, 0.06 eV and 1.51, 0.79, 0.23e3pectively. The PDOS indicated
that the energy difference Bf egf ) —E( egi ) decreased and Hund coupling between
Mn gy andtyy increased with increasing Correspondingly, the JT and DE effect
decreased and enhanced, respectively. LAMG (0~0.5) polycrystalline ceramics
were prepared by the sglel method in order to verify the first principleslculations
results. The structure, electrical and magnetiqp@ries of LAMO samples were
studied in details. XRD results showed that all ypofstalline ceramics were
rhombohedra structure withR3 space group, and alesipgase to multiphase
transition was observed. Fo 0.3, the ceramics were only composed of perovskite
phase. Fox > 0.3, multiphase characteristics were obtained wélovskite phase,
metal Ag and MgO,. The experimental and calculations results on c¢hestal
structure suggested that the doping of Ag led teomme reduction of LAMO
ceramics, wherein the M® bond length was found to decrease and angles were
expanded. In additionp—T curves were studied as a functionxofResults showed
that theT, improved and DE effect enhanced, which was in gagrdement with the
calculation results. Furthermore, asncreased,T,, Tx and Tr, increased, th@CR

decreased first and then increased, andviRedeclined gradually. Ax = 0.5, Ty, Tk



andT,, were 304, 291 and 298 K near room temperaturéh&umore, the MH/Mn3*
amount was studied by XPS, where an enhanced coatien of Mrf* was obtained
with increasing ok. The value of Mf/Mn** was 1: 4 forx = 0 and 1: 2 forx = 0.5.
This indicated that LAMO ceramics had the strond@Steffect at doping levet =
0.5, where Mfi" converted into M (Mn*/Mn®* ratio at 12). These results suggest
promising applications of LAMO polycrystalline cemas in photoelectric or

magnetic devices at room temperature.
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. Electromagnetic properties of LAMO were explored by
abinitio/experimental methods.

. TCR and MR reached 8.58% K™ and 21.6% as T, and T, at 291 and
298 K respectively.

. DE and JT were used to explain improvement of electromagnetic
propertiesfor LAMO.

. The results indicated promising applications of LAMO in room

temperature devices.



