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Ag-doped manganite powder samples, Lag 7Srp 1 Ag:MnO;_g (x = 0.00, 0.025, 0.05, 0.075, and 0.10) were synthe-
sized using the sol-gel method. X-ray diffraction patterns indicated that the samples had two phases with the R3¢ perovskite
being the dominant phase and Mn3O, being the second phase. X-ray energy dispersive spectra indicated that the ratio of
Ag to La was very close to that of the nominal composition in the samples. The specific saturation magnetizations at 300 K
increased from 32.0 A-m?/kg when x = 0.00 to 46.8 A-m?/kg when x = 0.10. The Curie temperature, T¢, of the samples
increased from 310 K when x = 0.00 to 328 K when x = 0.10. Because the atomic concentration ratios of La, Sr, and
Mn in the five samples were all the same and only the Ag concentration changed, the variations of the specific saturation
magnetizations at 300 K and the Curie temperatures suggested that the Ag cations have been doped into the A sites of the

perovskite phase in the samples.
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1. Introduction

As electronic systems with strong correlations, perovskite
manganese oxides with an ABOj structure have rich physi-
cal and chemical properties,!!® and have been the subject
of extensive attention, both experimentally and theoretically.
Starting with the manganese oxide LaMnO3, bivalent alkaline
earth metal or univalent alkali metal ions can substitute for the
trivalent La ions. Typical examples have the general formula
La;_ M MnO3 (M = Ca, Ba, Sr, Pb, etc). The valence state
and ionic radius of the doping ions at the A-sites affect the va-
lence of the Mn ions at the B sites, and cause lattice distortion.

These compounds exhibit a number of interesting physi-
cal phenomena, including ferromagnetism, colossal magneto-
resistance, and spin glass states. It has also been found that
the Curie temperatures and the content of Mn** cations in
Lag7-,Sr:MnO3 (0.1 < x < 0.3) samples increase with in-
creasing x.[!! In order to explain these phenomena, Zener!®!
proposed the double exchange mechanism controlled by the
displacement of e, electrons from Mn3* to Mn** sites medi-
ated by an O?~ ion.

For the self-doped manganites, such as La;_MnO3, a
number of researchers have assumed that there were vacan-
cies at the A sites and that the number of vacancies was related
to the self-doping level.['%-15] However, the available volume
of the B sites was smaller than that of the A sites in the ABO3
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perovskite structure. Therefore, based on the thermal equilib-

rium theory of crystal defects, our group!'®)

proposed that, in
fact, there should be no cation vacancies at the A sites related
to the self-doping level. A part of Mn?* cations existed in A
site of this kind of materials,!®!®! which were proved using
experimental method.[!”-'8] Abou-Ras et al.l'”) prepared self-
doped perovskite manganite powder samples of composition
Pro.7S103-xMnO;_5 (x < 0.2), and found, using the >>Mn nu-
clear magnetic resonance technique, that the Mn>* content in-
creased as the self-doping level x increasing. Ulyanov ez al.!'8]
prepared Ti-doped, A-site deficient Lag ¢Srg4—,Ti,MnO5_g
(x <£0.15) manganites, and using x-ray absorption finite struc-
ture studies, found that the Ti ions entered the B sites, instead
of the A sites, while there were Mn2" ions at the A sites.
There have been several reports in the literature concern-

119-22] However, there

ing Ag-doping perovskite manganites.
are distinctly different views between these reports concern-
ing whether Ag cations can dope into the perovskite phase.
Tao et al.'”) synthesized a series of Ag-doped samples of
La;_,Ag,MnOj3 by solid-state reaction method. Using x-ray
diffraction spectra, they concluded that only the perovskite
phase was present in the samples with x < 0.25, and that there
was a nonmagnetic metal Ag phase in addition to the per-
ovskite phase in the samples with x > 0.25. However, other

20,21

researchers!?>?!1 have considered that Ag ions could not be

*Project supported by the National Natural Science Foundation of China (Grant No. NSF-11174069), the Natural Science Foundation of Hebei Province, China
(Grant No. E2011205083), the Key Item Science Foundation of Hebei Province, China (Grant No. 10965125D), the Key Item Science Foundation of the
Education Department of Hebei Province, China (Grant No. ZD2010129), and the Young Scholar Science Foundation of the Education Department of Hebei

Province, China (Grant No. QN20131008).
TCorresponding author. E-mail: giweihual028@ 126.com
© 2015 Chinese Physical Society and IOP Publishing Ltd

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn

057501-1


http://dx.doi.org/10.1088/1674-1056/24/5/057501
mailto:qiweihua1028@126.com
http://iopscience.iop.org/cpb
http://cpb.iphy.ac.cn

Chin. Phys. B Vol. 24, No. 5 (2015) 057501

doped into the A sites of the perovskite structure. In particu-
lar, Xu et al.!*?! performed EELS (electron-energy-loss spec-
troscopy) studies for samples prepared by Tao et al. They
found that the perovskite phase included only La, Mn, and O
in the EELS spectrum. Since Ag particles were observed in
SEM photos, they concluded that Ag could not be doped into
the perovskite phase.

Our group reported the structures and the magnetic
property of self-doped manganites Lag7_,Srg3Mn;03,[>]
Lao.g_xsro.zMnO3,[24] La0,6,xSr0,4MnO3,[25] and Lag 7Srg 3y
MnOj3.12%1 We explained why there were Mn3O4 second phase
in those samples when self-doping level was higher than a
certain level.[?3] In this work, in order to determine whether
silver can dope into the A sites of the perovskite structure, we
doped Ag in the self-doped manganites Lag 7Srg.;MnO3 con-
tained the Mn3O4 second phase, prepared samples with the
nominal composition Lag 7Srg 1 AgyMnO;_g using the sol—gel
method. The crystal structure, the elemental content, the ion
distribution, and the magnetic property of the samples have
been investigated. All the experimental results indicate that
the silver cations have been successfully doped into the A
sites.

2. Experiment

Powder samples with the nominal composition
Lag 7S19.1AgxMn0O3_5 (0.00 < x < 0.10) were synthesized
using the sol-gel method.?”?8 Stoichiometric amounts of
the high purity chemicals LayOsz, Sr(NO3),, AgNOs, and
Mn(NO3), were dissolved in dilute HNO3 solution with
PH=3. Citric acid and ethylene glycol were then added to
the solution as complexing agents for the metal ions. The
molar ratios of citric acid to ethylene glycol and to the sample
were 5.3:5.3:1.0. This solution was placed in a water bath at
363 K and slowly evaporated until a gel formed. This gel was
heated at 473 K for 24 h until completely dry. After grinding,
the powders were subjected to further heat treatment. The
protocol for increasing the temperature was altered from the
usual heat treatment in which the temperature is increased di-
rectly from 473 K to 773 K. In our procedure, the temperature
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was increased in steps of 50 K, from 473 K to 773 K, with
30 min spent at each step. The powders were then thermally
treated at 773 K for 6 h, and were gradually cooled during
furnace cooling. This improved procedure which results in
slow decomposition of the organic precursor, may be a key
improvement for doping Ag into the perovskite phase. After
grinding, the powder was again thermally treated at 873 K
for 5 h. Subsequently, the samples were calcined in air at
1073 K for 10 h and gradually cooled during furnace cool-
ing. According to Ref. [28], the highest calcined temperature
Tca = 1073 K is the best heat treatment condition, at which
condition the content ratio A:B:O is very close to 1:1:3.

The crystal structures of the samples were identified
through x-ray diffraction (XRD) using an X’pert Pro x-ray
diffractometer with Cu Ky (A = 1.5406 A) radiation at room
temperature. The data were collected in the 26 range of 20°—
120° with a step size of 0.01671°. The composition of the sam-
ples was analyzed by x-ray energy-dispersive spectra (EDS) at
room temperature, using an INCA PentaFETx3 system, with
an accelerating voltage of 20 kV. The magnetic field and tem-
perature dependence of the specific magnetization, o(H) and
o(T), of the powder samples were measured using a physi-
cal properties measurements system (PPMS, Quantum Design
Corporation, USA). We defined the temperature at which the
do/dT reached its minimum value as the Curie temperature
(Tc). The Curie temperatures of the samples were measured
under an applied magnetic field 0.05 T.

3. Results and discussion
3.1. Structural analysis

Figure 1(a) shows the x-ray diffraction patterns for the
Lag7Srg 1Ag:MnO;_gs samples, which are similar to those
of self-doped manganites reported by our group,?>-26! indi-
cate that the samples have two phases with the rhombohedral
perovskite, R3c space group, being the dominant phase and
tetragonal Mn3O4 being the second phase. From Fig. 1(b), it
can be seen that the peak intensities of the Mn3O4 phase de-

crease with increasing doping level x.
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Fig. 1. (color online) (a) XRD patterns for the samples with nominal composition Lag 7Sr9. 1 Ag:MnO5_s. All the samples exhibit two
phases, a perovskite main phase, and a Mn3zOy4 second phase for which the main diffraction peaks are marked by the symbol “|”. (b)

Enlarged image of panel (a).

057501-2



Chin. Phys. B Vol. 24, No. 5 (2015) 057501

Using the X’Pert HighScore Plus software, we calculated
the volume averaged crystallite diameters, D, of the samples
using the Scherrer equation, and found the diameters of 39,
78,77, 53, and 54 nm, corresponding to x = 0.00, 0.025, 0.05,
0.075, and 0.10, respectively.

Table 1 shows the phase analysis data for the
Lag 7S19.1Ag:MnO;_g5 samples, obtained by fitting the XRD
spectra. In this way, we obtained the zeroth-order approxi-
mation of the cell volume V¢ of the perovskite phase in the
samples.

Table 1. The XRD main peak areas (Ap and Ay) of the perovskite phase and Mn3O4 phase in the samples with the nominal composi-
tion Lag 7Sro.1 AgxMnO;_g; the molar content y of Mn in Mn3Oy4 phase, calculated from the XRD main peak area ratios Ay /Ap; cell

volume V(, parameter cyy.

No X Ap AM AM/AP VC M y

Ay 0.000 1657.9 56.16 0.0339 350.8 15.02 0.1613
Ar 0.025 1614.9 50.26 0.0311 351.0 13.80 0.1514
Aj 0.050 1813.8 48.82 0.0269 350.8 11.93 0.1342
Ay 0.075 2078.2 49.32 0.0237 349.6 10.48 0.1205
As 0.100 1991.2 36.15 0.0182 349.8 8.019 0.0949

Quantitative analyses of the two phases were performed
using the main diffraction peak area ratios (see Table 1) ob-
tained using the X’Pert HighScore Plus software. 3261 We
use the symbol “u” to designate the mass ratio of the Mn3zOg4
phase to the perovskite phase. According to XRD theory we
then have

we W _ Aw/Ku _ Aw Kp
Wp Ap/Kp Ap Ky’

6]

where Wy and Wp denote the masses of the Mn3O4 phase and
the perovskite phase; Ay and Ap are the main diffraction peak
areas of the Mn3O4 phase and perovskite phase; Ky and Kp are
the RIR values of the Mn3O4 phase and the perovskite phase
Lag7Srg3MnO3. The RIR values are taken from the ICDD
(International Centre for Diffraction Data) standard cards 01-
080-0382 and 01-089-4461. In other words, they each repre-
sent the ratio of the main diffraction peak area of the com-
pound in question to that of a-Al,O3 when the mass ratio
is 1:1. Consequently, the values of Ky and Kp are 2.79 and
5.44 respectively. Because the composition and density of the
perovskite phase in our samples are different from those of
pure Lag 7Srp 3MnO3, the value of Kp used in this expression
should be taken as inversely proportional to the density of the
samples. Equation (1) can then be rewritten as

Wm  Am Kp do
==
Wp AP KM Zmp/0.6022Vc
Am Kp dpVi
— 0.6022°M ZP 07C )
Ap KM Zmp

where m, is the molar mass of the perovskite phase, and V¢
is the zeroth-order approximation to the cell volume of the
perovskite phase, expressed in units of grams (g) and A3, re-
spectively. doy = 6.447 is the density of Lag7Srp3MnO3. Z
gives the number of ABO3; formula units in each cell in the
perovskite phase. Because our samples have rhombohedral

structure, Z = 6. Setting

AM Kp
=0.1004— —dyV, 3
™M Ap Ky Ve 3)
and then, from Eqs. (2) and (3), we have
e @
P mp

According to the thermal equilibrium theory of crystal
defects,[1%23-26 for the perovskite phase, because the avail-
able volume of the B site is smaller than that of the A site, the
ions should first occupy the A sites during heat treatment, i.e.
if there are vacancies in the perovskite phase, vacancies should
be at the B sites. In these self-doped manganites, the sum of
the numbers of La and Sr ions is less than that for Mn, and the
ratio of the number of lattice points at the A, B, and O sites
in the normal perovskite structure is 1:1:3, resulting in a part
of the Mn ions being required to enter into A sites of the per-
ovskite phase in the form of Mn? ions, while another portion
of the Mn ions escaped from the perovskite phase and formed
a second Mn3Oy4 phase. The reason for this phenomenon may
be that the effective radius of Mn?* ion is far smaller than the
average effective radius of both La’* and Sr>* ions. In the
case of the A sites of the ABOj3 structure with coordination
number 12, the effective radius of the Mn%* ion is 0.113 nm.
La’t and Sr** ions, on the other hand, have radii of 0.136 nm
and 0.144 nm, respectively.[?3!

We designate the molar number of Mn cations by y in the
Mn304 phase per mole of sample. Then 1 —y moles of Mn
enter into the perovskite phase. We set Mj to be the total num-
ber of moles of Mn ions in the perovskite phase per mole of
sample with the nominal composition Lag 7Sry.1Ag,MnO;_s.
Then we have

My=1-—y. )

The molar content of the perovskite phase is then (0.7 4+ 0.1+
x+M)/2 = (0.8+x+ Mi)/2, and the molar content of the
oxygen is 3(0.8 + x+ Mj) /2. The masses of the Mn3O4 and
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the perovskite phases per mole of sample are 228.82y/3 and
(0.8 4x+ My)my /2, respectively. We then have

Wp = (0.8 +x+MI)mP/2. (6)
Substituting Eq. (6) into Eq. (4), we have

WM = (08 +X+M[)CM/2,
76.27y = (0.8 +x+ Mi)cm/2. (7

Substituting Eq. (5) into Eq. (7), we have

(1.8+X)CM
— oM 8
YT 15254 + oy ®)

We note that the second ionization energy (21.49 eV) of
Ag is close to the third ionization energy of La (19.18 eV).
Therefore, we consider that Ag ions in the A sites of the per-
ovskite phase are in the form of Ag>* ions.

For our powder samples sintered at 1073 K, we assume
on the basis of the thermal equilibrium theory of crystal
defects,[23-261 that there were no vacancies in the A sites of the
perovskite phase of the samples and that the missing cations at
the A sites were filled by Mn>* ions. Assuming that the per-
ovskite phase in all the samples had the standard ABO3 struc-
ture, we can calculate the ion content ratios at the A, B, and
O sites in the perovskite phase. Accordingly, we assume that
there are La’*, Sr2*, Ag?*, and Mn>" ions at the A sites of
the perovskite phase and that there are Mn3* and Mn** ions
at the B sites.

For notational convenience, we represent the molar
amounts of La’*, Sr>*, AgZ, Mn?*, Mn**, Mn**, and 0%~ in
the perovskite phase by L, S, Ay, M>, M3, M4, and O3, respec-
tively. Thus we have

M +Msz + My = M. 9

Since the molar fraction of the lattice points at the A sites is
equal to that of the B sites,

L+S+My+Ay; =Mz + My. (10)

Furthermore, the number of O%~ jons is three times the num-
ber of cations at the A sites, giving

0y =3(L+S+Ar+M>). (11)
Upon balancing valences
3L+28+2A2 +2M> +3M3 +4My = 20;. (12)
From Egs. (9) and (10)
My =M —A,—L-S)/2. (13)
Substituting Eq. (13) into Egs. (10) and (11), we have

0, =3(Mi+A2+L+S)/2, (14)

M+ L+S+Az =2M3+2Mjy. (15)
Substituting Eqs. (13) and (14) into Eq. (12)
2My+L+28+2A; = 3M3 +4M,. (16)
Finally, from Egs. (15) and (16), we have

M3 =L, an
My=(Mi+S+A2—L)/2. (18)

Therefore, for the perovskite phase and Mn3O4 phase
in our samples, the system can be written as Lagﬁ
Sto AgyTMn(y, ) Migh Migh o5 05075510 )/
(Mn304)y/3.

The contents of the various ions were calculated using
L =0.7 and S = 0.1, as shown in Table 2. In Table 2, Rya
representing the Mn** ion content ratio at the B sites of the

ABOg structure, is defined by

My

- 19
My +M3 (19)

Rwvis
For convenience of interpretation, we also show, in Table 3,
the same ion contents normalized so that the O>~ content
is 3, which is appropriate for the standard ABO;3 structure.
Consequently, the standard ABO3 structure can be written
as (Lao,7Sr0,1Aganl_y)z/(l_8+x,y)03. We can see that, as
shown in Table 3, the content of Mn*" ions increases with
increasing doping level x.

Using directly the contents of the various ions as given
in Table 3, the XRD diffraction data were fitted using the Ri-
etveld powder diffraction profile fitting technique. The results
are shown in Fig. 2 and Table 4. In Fig. 2, “+” represents the
experimental data. Solid lines depict the fitted data. The bot-
tom lines show the difference between the experimental and
fitted data.

It may be seen from Table 4 that the final fitting parame-
ters, goodness of fit indicator s, profile factor R, and weighted
profile factor Ry, are satisfactory, indicating that the contents
of the various ions calculated by the above method are reason-
able.

From Table 4, it may be seen that the lattice parameters
a and c, the cell volume V, the Mn—O bond length, d, and the
Mn—O-Mn bond angle, 6, do not change in any significant
way.

From the fitted results, we can also obtain the percent-
ages of the Mn3Oy4 phase (W, (%)) and the perovskite phase
(W1 (%)). Note that the content of the Mn3O4 phase decreases
with increasing doping level x (except for x = 0.025).
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Table 2. The molar contents L, S, Ay, Ma, M3, My, and O, of La>*, St?t, Ag?t, Mn?*, Mn3*, Mn**, and O?~ ions in the perovskite phase
per mole of sample, and the Mn*" ion content ratio, Ryu, at the B sites.

A sites B sites
X %) Rva
L N Ay M, M; My
0.000 0.700 0.100 0.000 0.0194 0.700 0.1194 2.4580 0.1457
0.025 0.700 0.100 0.025 0.0118 0.700 0.1368 2.5105 0.1635
0.050 0.700 0.100 0.050 0.0079 0.700 0.1579 2.5738 0.1841
0.075 0.700 0.100 0.075 0.0022 0.700 0.1772 2.6317 0.2020
0.100 0.700 0.100 0.100 0.0026 0.700 0.2026 2.7077 0.2245

Table 3. The molar contents L, S, Ay, M, M3, My, and O, of La’*, Sr2*, Ag?t, Mn?*, Mn3*, Mn**, and O?~ ions, and molar mass
mp of the perovskite phase when the contents of the 0>~ ions are normalized to 3.

A sites B sites
X 0, mp
L S Ay M, M; My
0.000 0.8543 0.1221 0.0000 0.0236 0.8543 0.1457 3.000 232.3
0.025 0.8370 0.1200 0.0299 0.0141 0.8365 0.1635 3.000 232.8
0.050 0.8159 0.1166 0.0583 0.0092 0.8159 0.1841 3.000 232.8
0.075 0.7980 0.1140 0.0855 0.0025 0.7980 0.2020 3.000 233.0
0.100 0.7756 0.1108 0.1108 0.0028 0.7756 0.2244 3.000 232.3

Table 4. Rietveld fitted results of the XRD diffraction patterns for the samples, where R},, Ry, and s are the profile factor, weighted profile
factor, and goodness of fit indicator, respectively; a and ¢ are the lattice parameters; V, d, and 0 are the cell volume, Mn—O bond length and
the Mn—O-Mn bond angle of the perovskite phase, respectively. The atomic coordinates at A, B, and O sites are (0, 0, 0.25), (0, 0, 0), and (xo,
0, 0.25), respectively.

Intensity/10% arb. units

x Wi/% Wal% s Ryl % Ryp/% alA /A VIA3 Xo d/A 0/(°)
0.000 95.66 4.34 1.19 391 5.03 5.508 13.37 351.3 0.4593 1.954 166.8
0.025 9491 5.09 1.23 4.18 5.24 5.508 13.37 351.3 0.4574 1.956 166.2
0.050 95.84 4.16 1.26 4.20 5.29 5.507 13.37 351.0 0.4539 1.958 165.1
0.075 95.97 4.03 1.20 3.96 5.03 5.499 13.36 349.9 0.4599 1.952 167.0
0.100 96.33 3.67 1.23 4.04 5.10 5.500 13.37 350.1 0.4579 1.953 166.4
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Fig. 2. (color online) The Rietveld fitted results for the XRD diffraction patterns of the samples Lag 7Sr9 j Ag:MnO;_g. Here, “+” and
the line represent the experimental and calculated intensities Iops and Iy, respectively. The bottom lines show the difference Iops — Ical
between the experimental data and the calculated curve.
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3.2. X-ray energy dispersive spectra (EDS)

X-ray energy-dispersive spectra (EDS) were used to study
the elemental content ratios of the Lag 7Srg 1 Ag,MnO;_g5 sam-
ples. The element Ag was detected clearly in the EDS patterns,
as shown in Fig. 3 and Table 5. Here, Rp and R¢ are the atomic
concentration ratios of Ag to La, obtained using EDS and cal-
culated using the nominal composition, respectively. Figure 4
shows the dependences of the Rp and Rc on the Ag doping
level x. It can be seen from Fig. 4 that Rg is very close to Rc,
which indicates that the Ag ions are doped into the perovskite

phase.
La/Mn/O
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Fig. 3. (color online) EDS patterns for the samples with the nominal
composition Lag 7Srg 1 Ag,MnO;_g.
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Fig. 4. (color online) Curves of the atomic concentration ratio of Ag to

La, obtained using EDS (points) and calculated (line) using the nominal
composition.

Table 5. Contents of various ions in Lag 7Srg 1 AgyMnO;_g5 measured
using EDS. Rp and R are the measured and calculated atomic concen-
tration ratios of Ag to La.

(6] Mn Sr Ag La Re
atom/% atom/% atom/% atom/% atom/%
0.000 66.09 17.82 1.91 0.00 14.18  0.0000 0.0000
0.025 66.16 17.81 1.49 0.59 13.96 0.0421 0.0357
0.050 6493 18.05 1.52 0.91 14.59 0.0621 0.0714
0.075 67.07 16.84 1.66 1.36 13.08 0.1036 0.1071
0.100 67.03 16.51 1.73 1.77 12.96 0.1366 0.1429

3.3. Magnetic analysis

Figure 5 shows the curves for the specific magnetization
of the samples versus the applied field, measured at 10 K and

300 K. We can see that the coercivity is very small. The
specific saturation magnetizations at 10 K show no signifi-
cant variations. However, the specific saturation magnetiza-
tions at 300 K increase from 32.0 A-m*/kg when x = 0.00 to
46.8 A-m?/kg when x = 0.10. Figure 6(a) shows curves of the
specific magnetization, ¢, versus temperature, 7. Figure 6(b)
shows curves of do/dT versus T. According to Fig. 6(b), the
absolute value of do/dT reaches its maximum value when
T = Tc. We define the temperature T¢ as the Curie temper-
ature. It can be seen from Fig. 6(b) that the Curie tempera-
ture of samples increases from 310 K when x = 0.00 to 328 K
when x = 0.10, which is the reason why the specific saturation
magnetizations at 300 K increase from 32.0 A-m*/kg when
x=0.00 to 46.8 A-m?/kg when x = 0.10.
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Fig. 5. (color online) Curves of the specific magnetization ¢ of the
samples of Lag 7Srp.; Ag:MnO;_g versus the applied field, measured at
10 K (a) and 300 K (b).

Combining with Table 3, we can see that the content of
La’" jons at the A sites gradually decreases, the total content
of Sr>*, Mn?*, and Ag”" increases, and the content of Mn**+
ions at the B sites also gradually increases, with increasing
Ag-doping level x. Therefore the variation of the Curie tem-
perature of the Ag-doped samples versus the Mn** ion content
is similar to that found in previous studies of La;_,Sr,MnO3,
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which can be explained using the double exchange interaction

theory.[1:?]
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Fig. 6. (color online) Curves of the specific magnetization ¢ of the
samples Lag 75191 Ag:MnO5_g versus temperature at an applied field
of 0.05 T (a) and curves of do/dT versus temperature (b).

In particular, it should be noted that the atomic concen-
tration ratios of La, Sr, and Mn in our five samples remained
essentially the same while the Ag concentration changed. As
a result, if there were no Ag cations in the perovskite phase,
there should be no significant variation in the magnetic prop-
erties. Therefore, the variations of the specific saturation mag-
netization at 300 K and the Curie temperature suggest that Ag
cations have been doped into the A sites of perovskite phase in
our samples.

4. Conclusion

We have successfully prepared perovskite manganite
samples with nominal composition Lag7SrgAg,MnOs_g
(0.00 < x <0.10) using the sol-gel method. In the thermal
treatment process, the method of increasing the temperature
was improved by increasing the temperature in steps of 50 K,
from 473 K to 773 K, with 30 min spent at each step, rather
than directly increasing the temperature in one step. X-ray en-
ergy dispersive spectra showed that the observed atomic con-
centration ratios of Ag and La were very close to the nominal
atomic concentration ratios. As increasing Ag-doping level x,

there are the increasing tendencies for both of the specific sat-
uration magnetizations at 300 K and the Curie temperature of
the samples. Especially, the specific saturation magnetization
of the sample with x = 0.10 is distinctly higher than that of the
sample with x = 0.00 at 300 K, while the Curie temperature of
the sample with x = 0.10 is distinctly higher than that of the
sample with x = 0.00.

Because the atomic concentration ratios of La, Sr, and Mn
in the five samples were all essentially the same and only the
Ag content changed, the variation of the specific saturation
magnetizations at 300 K and the Curie temperatures suggest
that Ag cations have been doped into the A sites of perovskite
phase in our samples.
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