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ABSTRACT

The samples with hominal composition ofkRb;,sMn;1,Co0; (X = 0, 0.15, 0.20 and 0.25)
were prepared by standard sedithite reaction method. Atomic and magnetic strestwf the
samples have been studied by neutron and synchrdiffoaction. The obtained results showed
that, in wide temperature range380 K) all investigated compounds are describedgligitly
distorted perovskite like structure with rhomboladsymmetry (sp. grR-3Q. The lattice
parameters and bond distances Mn/Co-O are typicahambohedral manganites. Type of
magnetic ordering doesn’t depend on doping leve&afit is ferromagnetic at low temperature
with average ordered value of magnetic moment-git& of about 3.;ig at T < 20 K. In the
compound withx = 0.15 there exist two crystal phases with the saymemetry but different

stoichiometry. Only negligible changes of samplesrostructure with composition were
observed.

Keywords Perovskite, atomic structure, magnetic structureytron diffraction, synchrotron
diffraction.

1. INTRODUCTION

Mixed magnetic oxides of manganese with the pelitysitructure have been attracting
special experimental and theoretical attentiondag time due to their large variety of physical
phenomena and diverse practical applications. Simeeliscovery of CMR effect in manganites
[1], the compounds with formula REAMNnO; (RE — trivalent rare earth viz. La, Sm, Pr et an
A — divalent alkali metal viz. Ca, Sr, Ba etc.) bawveen widely studied, many of which have
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interesting properties. In the family of CMR maniges, the materials dopes with Pb are very

interesting, because they have rather higtaid the significant magnetoresistance is observed
at room temperature. As found in references, feagmatic phase transition temperature of the

compound LasPhy:Mn0O;s (Tc = 340 K [2) is significantly higher than room temperature.

Among divalent cations, Pboccupies a special position due to its large ioatius (p,=
1.63 A, whereas for example,F 1.48 A), its electrons often form a so-calleddquair, which
can lead to strong distortion of structure and ldisgment of PH ion from the symmetric
position. Such phenomenon was observed in struofurbVG; [3]. There is not much research
on Pb-doped manganites because of technologidatulties in samples synthesis due to low
melting temperature and dissociation of lead oxidé® effect of Pb doping on magnetic and
transport properties of LgPbMnO; was studied [2, 4]. Some structural data of Pbedop
manganites was presented in the review [5].

Recently, there have been some studies on Pb-domedyjanites with simultaneous
substitution for Mn by other transition-metal ionsgstly by Co, radius of which is close to Mn
radius. Information on magnetization, magnetic spsbility, electrical resistivity and atomic
structure performed X-ray analysis of compositibay Py 339 (Mn1,Co)O; (with x from 0 to
0.15) have been published [6, 7]. In the compourdsgynetic characteristics such as the Curie
temperature, the effective magnetic moment andstiterated magnetization decrease with
increasing Co doping. The similar results were plesk with substitution for Mn by other
metals (Ni, Fe, Ag) [8, 9].

However up to now, there is no neutron structuréddy of the compound
(LaPb)(MnCo)Q. Accordingly, there is no information about thelened magnetic moment and
influence of lead and cobalt on the atomic struectofrthe compound. In this work we present
the results of synchrotron and neutron structuradiss of the LasPh,sMn;1,Co0s; compound
(LPMCO-) with x from 0 to 0.25 to provide precise data on its atcend magnetic structure.

2. EXPERIMENTAL
2.1. Sample preparation

The samples with nominal composition of,k8b,sMn;,Co05 (x = 0, 0.15, 0.2 and 0.25)
were prepared by standard solid-state reaction adefthO]. Stoichiometric amounts of i@s,
PbO, MnO and C&®; powder were mixed, ground, pressed into pelletscaicined at 600C
for 12 h. The samples were then cooled down to reemperature. The pellets were remixed
and pressed into pellets again, then sintered @@ 10 for 10 h and calcined again at 11%D
for 24 h, cooled down to 65 for 12 h, and after that cooled down to room terature in air.

2.2. Data collection and processing

Synchrotron powder diffraction (SPD) experimentgavdone at the 01C2 beam line of
the synchrotron source NSRRC (Taiwan) with waveleig: 0.4959 A forx = 0, 0.2 and 0.25.
The diffraction patterns were measured in a widaptrature range from 8 K to room
temperature. Fig. 1a shows the synchrotron diffstagbatterns of the LPMCQ (x = 0, 0.2 and
0.25) samples measured at room temperature. And [&R@erns of the sample LPMGD2
measured at different temperature from 8 K to 30r&presented in Fig. 1b.
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Figure 1.SPD patterns of the LPMC®¢x = 0, 0.2 and 0.25) samples measured at room texper(a).
SPD patterns of the sample LPMCO-0.2 collectedftgrdnt temperature (b).

Neutron powder diffraction (NPD) experiments weagried out at pulsed reactor IBR
Frank laboratory of neutron physics, JINR (Rusdt@). the compositions = 0.15 and 0.25 the
data was obtained on high resolution Fourier difseneter (HRFD) at room temperature to
refine the atomic structure. NPD patterns of thengas are shown in Fig. 2a. For the
compositionsx = 0.2 and 0.25 measurements were performed oracliffimeter DNL2 in the
wide temperature range (27 K to room temperatureletermine the magnetic structure. Fig. 2b
shows the NPD spectra of the sample LPME26 measured at different temperature. Both
diffractometers use a wide range wavelength andtithe of flight method (TOF) for the
spectrum scanning.
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Figure 2.Neutron diffraction patterns of the LPMCQOXx = 0.15 and 0.25) samples measured at room
temperature (a). Neutron diffraction patterns ef shmple LPMCO-0.25 collected at different
temperature (b).

The data analysis was carried out using the Rigétmedthod with the help of the Fullprof
[11] and MRIA [12] programs. The Bragg diffractiggeaks were modeled by pseudo-Voigt
distribution function which is a sum of Gaussian &orentzian functions [13]. A standard of
silicon was used to determine instrumental resmtutiinction of the synchrotron diffractometer.
Instrumental resolution function of the neutronfrdiftometers was identified by using a
vanadium standard. The refinement fitting qualitgswchecked by goodness of fif)(and
weighted profileR-factor Ryp) [14], which are given in Table 1 and Table 2 &?D and NPD
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analysis, respectively. The examples of the syriotmoand neutron diffraction patterns and
their refinements are shown in Fig. 3.
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Figure 3.Examples of the Rietveld refinement pattern affiladition plot of the synchrotron diffraction (a)

and the neutron diffraction data (b). The experitalpoints as well as calculated and differencetioms

are indicated. The upper row of dashes indicateg@positions of LPMCO phase, the lower row — Bragg
positions of MRO;,.

3. RESULTS AND DISCUSSION
3.1. Crystal structure and microstructure

The crystal structure of all the composition LPM&Qvith x from 0 to 0.25 at all
temperature (from 8 to 300 K) is well refined i tthombohedral space groRg3cwith atoms
in positions La/Pb in&(1/4, 1/4 , 1/4), Mn/Co inl&(0, 0, 0) and O in 1(x+1/4, x+1/4, 1/4).
It was found that the samples contain impuritys®n The concentration of M@, is different
in different compositions and given in Table 1.

Table 1.The SPD refinement results: lattice parametara)( unit cell volume V), atomic
coordinates, thermal paramet@goo bond lengths (Mn/Co)—Qlfunice)), (La/Pb)—O @(Lapr) ) and
refinement fitting quality,, Ryp). Statistical errors are indicated in the lash#igant digit.

X 0 0.2 0.25
a(b, 9, A 5.4977 (1) 5.4847(1) 5.4871(1)
a (B y),° 60.41(1) 60.49(1) 60.40(1)
v, A3 118.59(1) 117.97(1) 117.87(2)
X(O) 0.458(1) 0.457(1) 0.458(2)
Bio(La/Pb), & 1.69(1) 1.64(1) 1.54(2)
Bis(Mn/Co), A? 1.17(2) 0.92(2) 1.14 (4)
Biso(0), A2 1.8(1) 1.9(1) 2.0(2)
dvnico)—a A 1.964(4) 1.961(3) 1.959(5)
diarby -0 A 2.762(4) 2.758(3) 2.757(6)
Concentration of MgO,, % 5.68 4.74 4.07
Rups % 8.74 8.11 14.9
Pa 0.618 2.01 1.21
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The structural parameters obtained from synchradiash neutron diffraction data at room
temperature including lattice parameters, unit oalume, atomic coordinates, thermal
parameters, bond lengths (Mn/Co)-O and (La/Pb)-© leted in Table 1 and Table 2,
respectively. As seen in the Table 1 the errotb®fmetal-oxygen bond length are quite large (~
5.10° due to scattering properties of synchrotron X-diffraction. The synchrotron are
scattered by electrons, thus the atomic scattdeaor increases with the atomic number. The
intensities of diffraction peaks are dominated bgtdbution of heavy atoms and hence it makes
difficulty in position determination of light elemts (hydrogen, oxygen, etc.). But the lattice
parameters as well as microstructure parameter® wletermined precisely due to high
resolution and powerful source of synchrotron raola

Table 2.The NPD refinement results: lattice parametargy), unit cell volumeY), atomic
coordinates, thermal parameteBzd), bond lengths (Mn/Co)—Qlfnicq)), (La/Pb)—O @ apr) ) and
refinement fitting quality, Ryp). Statistical errors are indicated in the lash#igant digit.

X 0.15 0.2 0.25
Diffractometer HRFD DN-12 DN-12
a(b, o, A 5.4840(1) 5.4847 5.4871
a(B,7),° 60.30(0) 60.49 60.40
v, A 117.40(1) 117.97 117.87
x(O) 0.5352(4) 0.4511(13) 0. 4597(4)
Bio(La/Pb), & 0.4 0.4 0.4
Biso(Mn/Co), A? 0.4 0.4 0.4
Biso(0), A2 2 0.8 2
divnico) -0 A 1.952(1) 1.965(3) 1.962(1)
diarb) -0 A 2.752(1) 2.761(3) 2.756(1)
Concentration of M§O,, % 9.65 4,74 4.07
Rup, % 8.23 16.4 3.26
XZ 1.14 2.93 2.96

The temperature dependences of lattice parametersn&crostructure parameters of the
compositions withk = 0, 0.2 and 0.25 are presented in Fig. 4. Aagie typical for manganite,
decreases with increasing temperature, which iteica possible transition to the cubic phase
with increasing temperature wheretn= 60°. The parameters of microstructure includineg
average size of coherent scattering blotkand the lattice microstrainwere obtained by
analysis of the peak broadening. In our work theragitructure parameters were determined on
applying Rietveld method using Fullprof program twitondition that instrumental resolution
function was provided. It can be seen that theameesize of coherent scattering region and the
magnitude of the lattice microstrain do not dependemperature and increase with increasing
Co concentration. The substitution of Co for Mnde#o a structure disorder of the samples and
thus the lattice microstrain increases.
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Figure 4. Temperature dependence of lattice parametersd(&)aand microstructural parameters
(c and d) of the compound 4,#by,sMn; ,C00s.

The position of oxygen atom for the sample LPM&@ith x = 0.15, 0.2 and 0.25 was
determined from neutron diffraction data obtainedeutron diffractometers HRFD and BEX.
As microstructure parameters, bond length Mn/CosQdentical and weakly depends on
temperature (as seen in Fig. 5a), which indicdtesabsence of structural phase transition in the
samples LPMC&x.
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Figure 5a Temperature dependence of bond Figure 5b.A plot of the diffraction spectrum
length Mn/Co—0 for the samples with= 0.15, 0.2 measured on HRFD. Experimental point, calculated
and 0.25. Data of the sampbes 0.2 and 0.25 was  intensities of two phases and their amount are

collected on DNt2. The data of the samples shown.
x=0.15 andk = 0.25 afl = 300 K was collected on
HRFD.

In our previous work, electrical resistivity of tremmples was investigated [15]. The
results showed that the metal-insulator transitiemperature decreases with increasing Co
content, which is very good agreement with thabrega by Gritzner G. et al. [7]. But for the
LPMCO-0.15 sample, metahsulator transition temperature is very low anec#ical resistivity
is very high compared with other LPM@&Osamples. In order to clarify the nature of the
resistivity change in the LPMGCQ.15 sample, NPD data of the compositiars0.15 and 0.25
were collected on high resolution Fourier diffrantter (HRFD) at room temperature (Fig. 2a).
In the diffraction spectrum of the LPMC@15 sample, peak splitting was observed. The
refinement result shows (as presented in Fig. Bh) the sample contains two phases. Both
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phases are rhombohedral space grBe@c with different unit cell parameters € 5.4840 A,

a = 60.30° for the first phase amad= 5.4858 A« = 60.58° for the second). Ratios of the phases
in the sample are 60 % and 40 %, respectively. Mnmé&Tio of the first phase is equal to 85/15,
while Mn/Co ratio of the second phase is 85/12sTihase separation was observed only in the
sample LPMC@0.15 and can be related to sample fabrication tiondi The phase separation
observed in the LPMC.15 sample is structural reason, which leadsstoegistivity change.

3.2. Magnetic structure

Magnetic properties of LPMCQ materials have been studied by various workerg ¥,
Their results indicated that the Curie temperattine, effective magnetic moment and the
saturated magnetization decrease with increasingc@uent. The obtained results were
explained mainly due to the doulB&change (DE) that arises from the ratio of*Mio Mn**.
Substitution of C8 for Mn** leads a depletion of the Mi#VIn** ratio, the double-exchange is
suppressed resulting in the reduction of ferromtagme

The present work aims to identify the magnetic drgdetype (magnetic structure) and the
value of magnetic moment of LPMCG©Ocompounds at low temperature. Magnetic structure of
the samples was determined from neutron diffractigqueriments due to the interaction between
magnetic moment of neutron and the magnetic mowiettie atoms. In this case the intensity of
the diffraction peaks related to atomic order (‘leac’ peaks) appears additional contribution at
low temperature as seen in the Fig. 6a, which atd& that the samples exhibit ferromagnetic
(FM) ordering of the Mn and Co spins. No sign diifenromagnetic ordering was found.
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Figure 6a.Neutron diffraction pattern of Figure 6b.The temperature dependence of the
LaysP by sMng ¢Cay 505 obtained at different average magnetic moment of the samples
temperature T =50 K, 260 K and 300 K. x=0.2 and 0.25.

The values of the magnetic moments of the compositwithx = 0.2 and 0.25 were
determined based on the data collected orlRNt low temperature<(270 K). Manganese and
cobalt atoms occupy at the same position, theredohg the average magnetic moment of the
position was calculated. The temperature depenegmndithe refined average magnetic moment
are given in Fig. 6b. The lines in Fig. 6b are fite to the phenomenological formula
w(T) = w(0)[1 = (T/T)“), which matchs well to experimeni&(T) at temperatur@&. According to
this formula, both magnetic moment at 0/4Q)) and Curie temperaturéd) can be refined. But
as the main aim of this study mentioned above,etkgerimental points concentrate at low
temperature region. Hence the phenomenologicaldlarmives correct values af0) only. The

767



To Thanh Loan, Bobrikov I. V., Tran Thi Viet Nga, Vu Van Khai, Nguyen Huy Sinh

magnetic moments at 0 K determined from the fiheformula areunco(0) = (3.32 + 0.17)5

for x = 0.2 andumnco(0) = (3.64 + 0.11)s for x = 0.25, which are close to the magnetic moment
value of Mri* in the parent LaMn@compound. Magnetic moment of Rrin LaMnO; revealed
by neutron diffraction study is equal to 3:5[17]. However, it can be seen th4D) increases
slightly fromx(0) = 3.32 tau(0) = 3.64 with increasing Co content from 0.2 t83) which can
be explained due to the change in thé'@pin state. There are three possible spin statedt
ions: lowspin (LS) state {i€’, S = 0,Uer = 0), intermediatespin (IS) state {e'y, S = 1,
Mert = 2.83up) and highspin (HS) state ”(1ge2g, S = O,Uert = 4.9ug) [18]. In the sample LPMCO
0.2, Cd" ions are mostly in LS and IS states and therefor@gnetic moment in Bite is
reduced in comparison to the magnetic moment vallidén®* in the parent LaMn@compound.
For the sample LPMCQ.25, the presence of HS Tdons lead to the increase of magnetic
moment in Bsite.

4. CONCLUSIONS

The atomic structure, microstructure and magnetiacgire of (LasPhys)(Mny,Co)Os
samples (withx = 0, 0.15, 0.2 and 0.25) have been investigatastesyatically by means of
synchrotron and neutron powder diffraction. Thestaly structure symmetry of the compounds
was confirmed to be rhombohedral (sp. 339 in the whole investigated range xf No
evidence of structural phase transition in the dasnm the temperature range from ~10 K to
room temperature is observed. A phase separatisrideatified in the sample with= 0.15. It
was confirmed that at low temperature LPM&®as ferromagnetic ordering type. The average
values of magnetic moment indite were determined to be close to the magnetiment value
of I3\/In3+ in the parent LaMn@©compound and slightly change due to the changpiim state of
Co’’ions.
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TOM TAT
NGHIEN CUU VE CAU TRUC NGUYEN TU VA CAU TRUC TU CUA LaysPb,sMny,CoO5
BANG PHUONG PHAP NHEU XA NEUTRON VA SYNCHROTRON

T6 Thanh Loah’, Bobrikov V2, Tran Thi Viét Ngd, Vi Van Khai®, Nguyén Huy Sin#

ién ITIMS, Tuong Pai hoc Bach khoa Ha Bl, 6 1, Pai Co Viét, Ha Nji
%V/ien JINR, $ 6 Joliot-Curie, Dubna, Lién Bang Nga
® Truong Pai hoc Xay ding, $ 55, Giii Phong, Ha Ni
*Truong Pai hoc Sr pham Ky thugt Hing Yén, Khodi Chau, #hg Yén

"Email: totloan@itims.edu.vn

Hé mdu manganite phap voi thanh pln danhdinh 1a LgsPbysMn,,Co0; (trong do
x = 0; 0,15, 0,20 va 0,28)roc ch tao bing phrong phap phn tng pha &n. Giu tric nguyéntt,
cau trc vi md va éu tric tr cia cac p chit duoc nghién éu chi tiét sir dung két hop hai
phuong phap nkiu xa — neutron va synchrotron.éKqua thu duoc chi ra fng trong khang
nhiét d6 tir 8-300 K cac riu déu c6 du tric trrc thoi thibc nhém khdng giadR-3c véi cac
théng $ mang va khang cach Mn/CeO rat dic trung. CAc théngdsvi cau tric thayddi khdng
dang K khi ndbng do pha tp Co thayddi. Trat tu tir duoc xacdinh 1a st tir va khéng ph thuoc
vao rong d6 Co. Gia ti mémen  trung binhg vi tri B vao khang 3,5ps tai ving nhiét do
T < 20 K. Quan sé&tugc 9r ton tai cia hai pha tinh thcé cing nhénddi xirng trong lp chit
c6 mngdo pha ap x = 0,15.

Tir khoa perovskite, du tric nguyénit, ciu tric tr, nhidu xa neutron, nkiu xa synchrotron.
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