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Oxygen non-stoichiometry
and defect structure of LaMn_Cu O, .

The quantitative model analysis of the defect structure of copper doped
lanthanum manganites LaMn, Cuz0_ . (z = 0.05 and 0.1) was performed. In
the framework of the model, the independent course of the three reactions of
defect formation, including the electronic exchange between manganese and
copper, completion of a lattice by the absorption of oxygen and the dispropor-
tionation of manganese was considered. It is shown that the increase in the
dopant content leads to a change in the dominant electronic process. This is
reflected in the lock and disproportionation and leads to the increase in the
concentration of holes and decrease the concentration of electrons localized on
the manganese atoms.
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Introduction

The study of lanthanum man-
ganite LaMnO,,, started with published
in 1950, the work of Jonker and van San-
tena Santena [1] and has continued at
present. The reason is that lanthanum
manganites, partially doped alkaline earth
metals, mainly calcium or strontium, are
today indispensable cathode materials for
high-temperature fuel cells [1, 2, 3]. Lan-
thanum manganites with partial substi-
tution of manganese for other 3d-metals
have been studied less.

However, the isomorphic substitu-
tion of manganese for copper leads to a

substantial change of the magnetic and
catalytic performance of lanthanum man-
ganite [4], most likely due to the increased
lability of the oxygen sublattice [5] and
presence of 3d-metal in mixed oxidation
states [4]. In his early work [6] we have
analyzed the oxygen non-stoichiometry
LaMn, Cu O, , and proposed a model of
its defect structure. However, quantitative
analysis of this model was not performed.
In this paper, we present the results of this
analysis.
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Theory

As oxygen non-stoichiometry of cop-
per substituted lanthanum manganites
are studied exclusively in the area of ex-
cess oxygen, the modeling of the defect
structure in these manganites is only
for this area. According to Jonker [7], if
in LaMnO,; Mn is substituted for
copper, which is more electronegative
3d-metal, we should expect the reaction.

Mn}, +Cu;, = Mn, +Cu, (1)
with  the  equilibrium  constant
K — [Mn,, 1[Cu,,,]

b [Mny,][Cuy,]

where Cu}, u Cu), - Cu" u Cu® ac-
cordingly recorded in the system of
Kroger-Vinca. Taking into account the
reaction of completing the grid
6Mn, +20 V) + VI +305 +6Mn,, (2)
with the equilibrium constant

[oa] v Vi [
K, = S ,

[MnMn] 'Poz2
where Mn, u Mn,, - Mn" u Mn*,
respectively, as well as the disproportion-
ation of manganese
2Mn,, < Mn,, +Mn,,  (3)

with the equilibrium constant

Results and discussion

In Fig. 1, 2 there are the dependences
of the absolute oxygen non stoichiometry
of substituted manganites LaMn, Cu O, ;,
where z=0.05 and 0.10, respectively, from
the partial pressure of oxygen and tem-
perature.

It follows from these figures that
in the whole studied range of tempera-
tures and pressures of oxygen manganite
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Mn,, |-|Mn|
K3:[ Mn][ zMn])
[Mn;h]
where 2Mn,, < Mn,, + Mn,, , together
with the relevant conditions of mass bal-
ance and electroneutrality, we obtain the
system of equations that defines the model
of the defect structure of LaMn, Cu O, ;
_ [pe {ewl
t [Mn;"HCuL ]

AH,
RT

AH
—_K° _ 2
N exp[ RT ]

=K exp|—

_loa] oo

[M" S bt

[ [ M ] :
&= [Mn ] K3Vexp[iﬁ] (4)
vl 3[vy] [Mn/m]*[Mn"} '
(Mny, | (M, | [Mny, = (13 223
[eua] [Cus = 35
Ve =vil -5
or]->

The solution of system (5) is rather
complicated dependence of the general
form,

log(pO, /atm) = f(5),

5
K, = f(T) K, (T, K, = (1) )

the explicit form which because of its
bulkiness was omitted in the text.

LaMn__.Cu .O. . and LaMn _Cu O

0.95 0.05 " 3+8 0.90 0.10 ~ 3+8
remain beyond stoichiometric on oxygen.
For LaMn , Cu O, was set to
[6], that the value of the oxygen content
varies slightly, decreasing from 3.024 at
1173 K in a pure oxygen atmosphere to
a value almost equal to three for log(p,,/
atm)= -2.76 and T = 1373 K. The sample
LaMn_ . Cu , O, . has been investigated
[6] only in the environment of air in the
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temperature interval 1173 - 1473 K. The
obtained data showed that in all investi-
gated temperature interval, the sample
remained stoichiometric relative to the
oxygen.

In Fig. 1 and 2 the results of the verifi-
cation of the model, according to equation
(5), LaMn,_Cu O, ,are shown using tem-
perature dependences of the equilibrium
constants (see system (4)). The param-
eters of the corresponding temperature
dependences obtained by minimizing
the deviation of model surfaces from ex-
perimental data, together with correlation
coeflicients are summarized in table 1. As
can be seen from this table and Fig. 1, be-
tween the values of pO, calculated by the
proposed model and defined experimen-
tally, good agreement is observed.

It follows from table 1 that the ad-
dition of copper (z=0.05 and 0.10) in
LaMnO, ; practically does not change
the thermodynamic characteristics of
reactions of completion of construction
of the lattice of perovskite (2) compared
with neoperabelny manganite of lantha-
num [8]. A small addition of copper (z
= 0.05) in LaMnO, ; has little impact on

the course of the disproportionation of
manganese (3), as this enthalpy of this
reaction increases slightly. However, the
increase in copper (z = 0.10) is expressed
in a dramatic change in the process of dis-
proportionation (3), which acquires a pro-
nounced thermally activated character, as
evidenced by the anomalously large value
of enthalpy, k ] 6000, compared to almost
zero enthalpy of disproportionation to
unsubstituted LaMnO, ; [8]. It should
be noted that the equilibrium constant of
reaction (4) for LaMn_, Cu,, O, ; in the
temperature interval investigated takes
extremely low values, varying from 10 to
60 at 1173 K up to 1373 K. Therefore, the
equilibrium in the disproportionation of
(3) is almost completely shifted to manga-
nese ions Mn+3. Therefore, is reasonable
to simplify the model of the defect struc-
ture of LaMn_, Cu, , O, by removing
from consideration the disproportiona-
tion of manganese. The corresponding
simplification of the system (4) leads to a
relatively simple model equation.

[3%} -ﬁ-[%—%]-(sm’

(6)

log(p,, /atm) =

1
(72.7+6.987%A7%A6)-K§

Fig. 1. The result of the model analysis of the
defect structure of LaMn0.95Cu0.0503+9.
Filled symbols - experiment [6]; surface
corresponds to the equation (5)

Fig. 2. The result of the model analysis of
the defect structure of LaMn,_,Cu, O, ..
Filled symbols — experiment [6]; surface

corresponds to the equation (5)
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7K, .85—63—3K,, . +B ;
(K, yncu —1-(3+9)

B =(46.248" +5.76 —32.648)K. . c. +

+(26.645° +3.24—81.243)K,,,, , + 368"

where A —

The results of the verification of a
simplified model of the defect structure
of LaMn_, Cu O, . according to equa-
tion (6) are also presented in table 1. As

can be seen, for this model the correla-
tion coefficient R? was significantly closer
to 1 compared with a model taking into
account reaction (3). It should be added
that the sum of squared deviations for the
model which corresponds to equation (6)
is 0.068, while for the sought model con-
sidering reaction (3) is 0.224. Therefore
further calculations of concentrations of
defects for LaMn,, Cu,, O, . was carried

Table 1

The values of thermodynamic parameters temperature dependences of the equilibrium

constants of the processes of disordering LaMn, Cu O

3+8

5| 8 | wml
N g 3 mol in(K,), R
53 51
m ~
3 85.1 1.53
= > ! 528 142 0.996
=)
2 -293.4 -38.0
3 6000 477
S 5 1 118.0 293 0.976
2 -242.6 342
1 178+33 14.943
S 6 0.994
2 —163+30 —29.543
I I I I I o é 0254 o Cuﬁuuloox J ! ! ]
020 e ° Mném‘1200K
0.16 08 = 8 i 0204 i ::;:::145% 4
~dn S ook @ Mn, 1450 K
0.12 oo ;‘ o® ° Mn? '_‘0.15— QZQ_
0.04 feeen Siee ne 0.05- ittt |
' ' . IS ehel s 0 o.oo-&_
000 002 004 006 008 010 ‘ T T ; R

Fig. 3. The dependence of the concentration
of electronic defects in LaMnO, ; from
oxygen non stoichiometry [8] at different
temperatures
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Fig. 4. The dependence of the concentration
of electronic defects LaMn, . Cu, O, o
from oxygen non stoichiometry at different

temperatures
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out on the basis of results of model analy-
sis of equation (6).

As an example in Fig. 3-6 the depen-
dencies of the concentration of localized
electronic defects from oxygen nonstoi-
chiometry LaManCuZO3+5 are z = 0, 0.05
and 0.1, respectively. For comparative
purposes, based on the concentration of
holes localized on the manganese atoms,
the magnitude of § for various composi-
tions LaMn, _Cu O, ; is shown in Fig. 6.

As can be seen from these drawings,
the addition of copper in LaMnO, ;leads
to a noticeable change in the electronic
disordering manganese sublattice, which
is reflected in the increase in the concen-
tration of holes and decrease of the con-
centration of electrons localized on the
manganese atoms.

The concentration of electrons local-
ized at the copper atoms is almost con-
stant in the whole area of excess oxygen
for manganite LaMn ,Cu .O, . and

0.95 0.05
does not depend on temperature, being

Conclusions

Doping of the lanthanum manga-
nite of copper has a significant impact
primarily on the oxygen content and its

Cu,, 1200 K
Cuy, 1200 K
Mn;, 1200 K
Cuj,, 1400 K
Cuy, 1400 K
Mn;, 1400 K

0O eDOO0 e

Fig. 5. The dependence of the concentration
of electronic defects LaMn ,Cu, O, , from
oxygen non stoichiometry at different
temperatures

equal to the total copper content, whereas
this value for LaMn_, Cu,, O,  varies in
a wide interval when changing the oxygen
content and temperature.

The observed increase in the content of
Mn** in the lanthanum manganite when it
is doped with copper is consistent with the
findings of [9], made on the basis of the
redox titration of samples of copper sub-
stituted lanthanum manganites. Found in
the present work, the change in the con-
centration of Cu** for LaMn_, Cu O, ;
depending on the oxygen index and tem-
perature beyond stoichiometric indirectly
supported by the results of [10], which is
obtained for this composition range x-ray
photoelectron spectroscopy was unable to
decipher in the assumption that all copper
is located only in the state +2. At the same
time the authors [10] found the absence
of Mn** in LaMn,, Cu,, O, ; is consist-
ent with the results of the model analysis
of the defect structure of the manganite

which is made in the present work.

electronic subsystem. This is observed in
the consecutive change of the dominant
electronic process from the dispropor-

0.24
°
°
0.20 o, ° °

0.16-] 0 5 °

M, ]
®
®
®
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e _° ,° @ LaMnO,

° 0 ° e LaMn .Cu, O,
O @ LaMn,Cu, O,

0901 508

°
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Fig. 6. The dependence of the concentration
of electronic defects LaMn, Cu O, , from
oxygen non stoichiometry at different
temperatures
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tionation of manganese to the reaction of

the electronic exchange between the man-

ganese and copper increases the content

in LaMn, Cu O, ;, and decrease in oxy-
-z z 348

gen content. When the concentration of

the dopant is z = 0.3, the response of the

electronic exchange between manganese
and copper, apparently, is the only process
of disordering LaMn,_Cu O,, that is ex-
pressed in its stoichiometric composition
of oxygen in the whole studied range of

temperature.
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KucnopogHasa Hectexuometpus u pgedeKtHas
crpykrypa LaMn,_Cu O_ .

BbINosHEH KONWMYECTBEHHBIA MOfENbHbIA aHamu3 AedeKTHON CTPYKTypbl
AOMMPOBAHHBIX MEAbI0 MaHraHMToB flaHtaHa LaMn, Cu O, (z=10,05n10,1).
B pamkax Mogenv paccMoTpeHo He3aBUCMMOe NpoTekaHue Tpex peakumii aedex-
T006pa30BaHusl, BKKOUASA EKTPOHHLI 06MEH Mex [y MapraHLem 1 Mefbio, [0-
CTpavBaHWe peLleTky Npy NOrNOLLEHUN KUCIoOPoAa U AMCNPONOPLIMOHUPOBaHNE
MapraHua. [lokasaHo, 4To yBenuyeHre COAepXaHns AonaHTa NpuBOAUT K CMeHe
LAOMUHVPYIOLLEr0 3M1EKTPOHHOrO npouecca. JT0 Bblpaxaetcs B 6rokuposke
AMCNPONOPLMOHNPOBAHNA W BEAET K YBEAWYEHWI0 KOHLEeHTpauuu [Oblpok U

YMeHbLLEHNI0 KOHUEHTPALMM 3NEKTPOHOB, JIOKaIM30BaHHbIX Ha aTOMax MapraHua.

Kniouesbie cnosa: MaHraHuT naHTtaHa; KncnopoaHasa HeCTUXMOMeTpus,; TepMoAMHaMUYeckne Xxapaktepuctu-

VK 544.22.022.342:54-31/544.225.3:[546.65+546.71°302+549.746.3]

K1 peakuui; A1cnponopLyoHMpoBaHme.
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Beepenue

MccnemoBanne MaHTaHIUTA JTaH-
Tana LaMnO,,, Havanoch ¢ omy6mmko-
BaHHOI B 1950 r. paborsr [I>koHKepa u
Ban Canrena [1] u mpopo/mkaeTcs B Ha-
cToOsilee BpeMsi. DTO ONPeensieTcsl TeM,
YTO MAHTAHUTHI JTAHTAHA, YACTUYHO [O-
MMPOBaHHBIE 1LIETOYHO3EMEeTbHBIMU Me-
Ta/UTAaMM, TIABHBIM 00pasoM KasbllieM
WIN CTPOHIIVEM, SIBJISIOTCS CETONHS He-
3aMeHMMbIMM KaTOZHBIMM MaTepuaaaMu
VISl BBICOKOTEMIIEPATYPHBIX TOIIIMBHBIX
aneMeHTOB [1, 2, 3]. MaHraHnUTHI JTaHTa-
Ha C YaCTMYHOI 3aMeHOJl MapraHija Ha
npyrue 3d-MeTasUIbl U3y4eHbl B MeHbIIIel
CTeIeHn.

Opuako wmsomopdHOe 3ameleHue
MapraHiia Ha Mefb NPUBOJUT K Cylile-
CTBEHHOMY M3MEHEHMIO MAarHUTHBIX M
KaT/INTUYECKIX XaPaKTEPUCTUK MaHTra-
HUTa laHTaHa [4], 4ro, Hanbomee Bepo-
SATHO, CBA3aHO C yBe/IWYeHMeM /1abuib-
HOCTU KJC/IOPOJHON MOApemmeTKy [5] u
HaxoXjeHneM 3d-MeTanmoB B CMellaH-
HBIX CTeleHsAX okKuciaeHus [4]. B cBoeit
panHeit pabore [6] MBI IpoOaHaIU3UPO-
BaM KHICIOPORHYIO HECTeXMOMEeTpPUIO
LaMnHCuZO%6 U TPEIIOKUIN MOJENb
ero fnedexTHoi CTpyKTypbl. OfHAKO KO-
JINYECTBEHHOTO aHaju3a 9TON MOJeIn
He BBIIOMHSUIN. B Hacrosimieit p6oTe Mbl
IIPUBOAVM Pe3y/IbTAThI TOTO AHAIN3A.
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Teopus

Tak Kak KUCIOPO[HAsi HECTeXMoMe-
TpUsI MEbI0 3aMelleHHBIX MaHTAHUTOB
JIAHTAHA WCCAENOBaHA WCKIIOUUTENbHO
B oOmacTu n36bITKA KUCIOPOJA, TO MO-
menmupoBaHye [eeKTHON CTPYKTYphI
9TUX MAHTAaHWTOB NPUBOJUTCS TONBKO
mst atoit obmactu. CormacHo [>KOHKepy
(7], ecnu Mn 8 LaMnO, ; sameraeTcs Ha
MeJib, KOTOpast sIBISIETCS OOJIee 9IEeKTPO-
OTpuLaTeIbHBIM 3d-MeTasIoM, TO ClIeRy-
eT OXKMIATh IPOTEKAHISI PEAKI[UN

X X < /
Mn + CuMn - MnMn + CuMn (1)
C KOHCTaHTOI1 paBHOBECUSA
c /
_ [Mn,, 1[Cu,,]
1 X x 1’
(Mn, 1[Cu,, ] >
X /
rae Cu,, u Cu,, —CuuCu*? coorBercr-

BE€HHO, 3allMICaHHbIE B CIICTEME Kpérepa -
Bunxka. HpI/IHHB BO BHIMMAaHNE peaKlNio
AOCTpalMBaHNsA pelIETKU

3 :
6My,, 420, & Vi, +Vy, +30; +6Mn,,, (2)

C KOHCTAHTOM paBHOBECHKA

. [Oér'[vlﬂ] [V”/] [M 10\4"]6
[, ] i

e Mn,, wu Mn,, - Mn® u

Mn*Y,  COOTBETCTBEHHO, a  TaKXe

JICIIDOIIOPUVMIOHMPOBaHNME MapraHiia
BTN s et

C KOHCTAHTOM paBHOBECHKA

PesynbTaTbl n 06cypeHue

Ha puc. 1, 2 npuBefieHbl 3aBUCUMO-
cTM abCOTIOTHON KIUCTOPOJHON HecTe-
XMOMETPUM 3aMEIleHHBIX MAaHIAaHUTOB
LaManCuZOM, rme z = 0,05 u 0,10, co-
OTBETCTBEHHO, OT IapLMaJbHOIO JaB-
JIEHWA KUCIOPOfia M TeMmIeparypbl. Vs
3TUX PUCYHKOB CJI€NyeT, YTO BO BCEM
UCCNIEOBAHHOM MHTEpBaje TeMIlepa-

350

_ [, | e, |
3T . e

[Mnj/m]

me  Mn,, —Mn"”,  Bmecre ¢
COOTBETCTBYIOLMMY YCTIOBUAMY GajlaHca
Macchl M 9/IEKTPOHEHTPANbHOCTH, IIO-
Jly4aeM CUCTeMY YPaBHEHWIL, OIpefies-
0LLYI0 MOfeNb /ie(eKTHOI CTPYKTYpbl
LaMn, CuO, .

[Mn;{n]-[Cuz/m]i . AH,
_o HV”’] M’LH Mol _ o o AP
: [ 53 —feew [7ﬁ]
_ ] :
= [Mn a 3‘€XP[* RT]
v sV [ = i
[t | [ | [, | = =5
[Cuj/m} [Cu;n}:;';
v =il=5%

03] =

Pemenuem cucreMmsl (5) ABisgercs g0-
CTAaTOYHO CI0KHAA 3aBUCUMOCTD 0011ero
BUJI,

log(pO, /atm) = f(5),

K,= f(T),K, = f(T), K, = f(T) )

ABHBIN BUJ KOTOPOM B CUJIy CBOEN
TPOMO3IKOCTY OIYLIJeH B TEKCTE.

Typ 1 TaB/IeHN Knciaopojga MaHIaHUTDI

LaMn0 95Cu0 05Oss U LaMnogoCu0 10055
OCTAIOTCsI CBEPXCTEXMOMETPUYHBIMU IIO
KUCTIOPOJY.

HAna LaMng Cu,, O, 6bin0 ycra-
HOBJIEHO [6], 4TO BelMuMHA KUCTOPOJ-
HOTO COJiep)KaHNA BapbUpPyeTCs He3Ha-

YUTE/IbHO, yMeHbWIasACh oT 3,024 mpwu
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Puc. 1. Pesynprat Mofie/TbHOTO aHaMM3a
medexrtHoOI cTpykTypsl LaMn . Cu, O

0,95 0,05 3+8"
3aItoHeHHbIe CYMBOJIBI — 9KCIIEPUMEHT [6];

IMOBEPXHOCTb COOTBETCTBYET YPaBHEHNIO (5)

1173 K B armocdepe 4MCTOrO KKCIO-
pona [0 BeMMYMHBI IPAKTUYECKU PaB-
Hoit tpem ana log(PO,/atm) = -2,76 u
T = 1373 K. O6paseny LaMn,, Cu , O,
ObLI CCIeoBaH TOJIBKO B Cpefie BO3lyXa
B TeMIlepaTypHOM MHTepBane 1173-1473
K [6]. Ilony4eHHble jaHHbIE IIOKas3alu,
YTO BO BCEM M3YYEHHOM TeMIIepPaTypPHOM
MHTEpBaje 0Opaser] OCTaBajCsi CTEXMO-
METPUYHBIM II0 OTHOLIEHMIO K KUCTIOPO-
ay.

Ha puc. 1 u 2 npuBefeHbI pe3yabTaThl
Bepu QUKL MOZEM, COI/IACHO YpaBHe-
auio (5), pst LaMn, Cu O, ; ¢ ucnonbso-
BaHJEM TeMIIePATYPHBIX 3aBUCUMOCTe
KOHCTAHT paBHOBecus (cM. cucremy (4)).
ITapaMeTpbl COOTBETCTBYIOLIMX TeMIIe-
paTypHBIX 3aBMCUMOCTEII, HOTyYeHHbIE B
pesy/braTe MUHMMU3AUVM OTKIOHEHMA
MOJIE/IbHBIX ITOBEPXHOCTEIl OT 3IKCIIepu-
MEHTA/IbHbIX [JAaHHBIX, BMeCTe C K03b-
dureHTaMu KOppensLuu CBEIEHBl B
Tabn. 1. Kak ClefyeT U3 [NAHHBIX  3TON
TaOMUIBL U pUC. 1, MEKAY BeIMIMHAMMU
pO, BBIYNMC/IEHHBIMH TI0 IPEI0KEHHOI
MOJIe/IN U OTIpefielIeHHBIMU 9KCIIepUMEH-
TaJIbHO, HAOJTIOIAE TCSI XOPOIlee COTTacHe.

Puc. 2. Pesynbrar MOJ€/IbHOTO aHA/IM3a
nedexrHOI cTpyKTYypst LaMn ,Cu O, +3.
3aIo/HeHHbIe CMBOJIBI — 9KCIIEPUMEHT [6];
[IOBEPXHOCTb COOTBETCTBYET ypaBHeHMIO (5)

V3 maHHBIX Ta611. 1 BUIHO, 4TO f06aB-
nenue mMemu (z = 0,051 0,10) B LaMnO,
IPAaKTUYeCKM He MeHseT TepMOJAMHA-
MUYeCKMe XapaKTePUCTUKN pPeaKkLnn
DOCTPaMBaHMs PpEIIeTKM MePOBCKUTA
(2) mo cpaBHEHUIO C HELONMPOBAHHBIM
MaHTaHUTOM JaHTaHa [8]. He6onbioe
no6asnenne meau (z = 0,05) B LaMnO, ,
TaK)Ke MMeeT HeOOIbIIoe BIMSAHIE Ha
IpOTEeKaHMe PeaKIM JUCTIPOIIOPIIIOHN -
poBaHys MapraHia (3), Tak Kak py 9TOM
SHTA/IBIINA TON peaKUyy yBeIN4dMBaeT-
cs HesHauMTenbHO. OHAKO yBemMyeHue
copiep>xanmsi Menu (z = 0,10) BbipakaeTcst
B IpaMaTMIeCKOM M3MEHEeHUN IIpoliecca
AMCIPONOPIMOHMPOBaHUA (3), KOTOPBIN
nprnobpeTaeT pe3Ko BBIPAKEHHBIN Tep-
MIUYeCKM aKTMBUPOBAHHBIN XapakKTep, O
YeM MOYXHO CYIUTb 110 aHOMAJIbHO 00JIb-
1IOMY 3HauyeHuIo sHTanbnmy, 6000 xJIx,
10 CPaBHEHVIO C NPAaKTMYeCK! HYJIeBOIl
SHTAJIBINEI VCIPONOPIIVIOHNPOBAHNS
mns HesamerenHoro LaMnO,  [8]. Cro-
UT OTMETHUTD, YTO KOHCTAHTA PAaBHOBECSI
peaxuyu (4) mst LaMn,, Cu,, O, ; B uc-
C/Ie[IOBAaHHOM TeMIIepaTypHOM MHTep-
Bajie NMPUHMMAET YPe3BbIYANIHO HMU3KUE
3Ha4YeHsI, M3MeHs1s1Cch oT 10 mpu 1173 K
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Tabmuna 1

3HayeHM s TepMOAVHAMUYECKMX IIapaMeTPOB TeMIIePATyPHBIX 3aBMCUMOCTEN KOHCTAHT

paBHOBecHs NpoLeccoB pasynopsanodenns LaMn, _Cu O

3+5

%]
E %:r AH,
kJx
N 5 : it In(K,), R
= A MOJIb
3 85,1 1,53
0,05 5 1 52,8 14.2 0,996
2 -293,4 -38,0
3 6000 477
0,1 5 1 118,0 29,3 0,976
2 -242,6 -34,2
1 178+33 14.9+3
0,1 6 0,994
2 -163 £ 30 -29,5+3

no 10# mpu 1373 K. CregoBarenbHo,
paBHOBecHe B PeaKLUy AVCIPOIOPIINO-
HMPOBaHMA (3) IPaKTUYECKY IOTHOCTDIO
CMellaeTcsa Ha MOHBI Maprama Mn™.
ITostoMy 00OCHOBaHHBIM IIpEfIOCTAB-
NA€TCA YIPOIeHne MOZTeny AepeKTHO
crpykrypst  LaMn , Cu O, - myTem
UCK/TIOUEHV M3 PACCMOTPEHNUsA peaKIyu
IVCIIPOTIOPIVIOHMPOBAHM ~ MapraHIia.
CooTBeTCTBYIOIIEE YIPOIIEHNE CUCTEMBI
(4) IpMBOAUT K OTHOCUTENIBHO IIPOCTOMY
MOJIETIbHOMY yPaBHEHNIO

[ 0 ]g-ﬁ-[@i]ma)

3498 346 2

log(p,, /atm) = (6)

1
(—2,7+6,95—%A—%A6)'K§
b

rae
7I<2MnCu8 _68 - 3I<2MnCu + \/E

(KZMnCu —1)-3+9)
B =(46,248" 45,76 —32,648)K; . ., +
+(26,648 + 3,24 —81,248)K, ,, ., + 368

A=
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Pesynbrarel Bepuduxanum  ympo-
IIEHHOJ MOfien JieeKTHOM CTPYKTYpBbI
LaMn ,Cu, O, ; COINacHO ypaBHEHMIO
(6) mpuBogsATcs Takke B Tabm. 1. Kak
BUIHO, IIs1 9TOil Mopenu Koadduum-
eHT Koppensauuu R* 3ametHO Ommxe K 1
[0 CPaBHEHUIO C MOJE/IbIO, YYUTBIBAIO-
meit peakuyuio (3). Cregyer mob6aBuUTh,
YTO CyMMa KBafipaTOB OTKJIOHEHWI Jid
MOJie/I}i, KOTOPOJI COOTBETCTBYeT ypaB-
Henne (6), cocrasnsaer 0,068, Torma Kax
UCKOMOE IS MOJENN, YYUThIBAIOLIel
peakuuio (3) - 0,224. [ToaTomy fganbHeli-
IIMe pacyeThl KOHIEHTpAuil fedeKToB
Jinitt LaMn0)90Cu0)wO3+5 BBIIIOJTHSIN Ha OC-
HOBE pe3y/IbTaToB MOJE/NIbHOTO aHa/In3a
ypaBHeHu (6).

B xavyecTBe mpumepa Ha puc. 3—-6 npu-
BOJATCSL 3aBUCUMOCTM KOHIIEHTPALUU
JIOKa/M30BaHHBIX 3JIEKTPOHHBIX Hedek-
TOB OT KUCIIOPORHON HECTEXMOMETpPUN
LaMnHCuZOM ong z = 0; 0,05 u 051,
COOTBETCTBEHHO. B memsax cpaBHEHU:
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3aBUCYMOCTY KOHLIEHTPALUy JbIPOK, /10-
KaJIM30BaHHBIX Ha aTOMax MapraHIa, OT
BEMYMHBL O ISl Pa3IMYHBIX COCTABOB
LaMn, Cu O, , npuBeneHbl Ha puc. 6.

Kak crmefyeT U3 3TUX PUCYHKOB, JIO-
6aBieHne Meau B LaMnOM TIpUBOJUT
K 3aMeTHOMY M3MEHEHNIO 57IeKTPOHHOTO
pasynopsgodeHnsa MapraHIeBoll Iofpe-
HIETKM, YTO BBIPa’KaeTCA B yBEIMYEHUN
KOHIIEHTPALMM IBIPOK M”jwn U yMeHb-
LIEHNM  KOHLEHTPAaUMM  97eKTPOHOB
Mn,,, , Tokanu30BaHHbBIX HA ATOMAX Map-
raHiia.

Kak crmegyeT m3 JaHHBIX 3TUX PU-
CYHKOB, Jo0OaBjIeHMe Mefyu B LaMnOM
OpMBOAMUT K 3aMETHOMY M3MEHEHMIO
9/IeKTPOHHOTO PasyHOpANOYeHNA Map-
TaHIIEBOM IOApEUIeTKY, YTO BbIpaka-
eTcd B YBeIMYEHUNM KOHLEHTPALUU
IBIPOK M”Ln U YMeHbLIEHU! KOHIIeH-
Tpauuy SNeKTPOHOB  Mmn,, , /IOKaIM-
30BaHHBIX Ha aToMax MapraHna. Ilpm
39TOM KOHIIEHTpAalus 3/IeKTPOHOB, JO-
Ka/M30BaHHBIX HAa aTOMaX Meau Cu;m1
, IPAaKTUYeCK He U3MEHAETCA BO Bcell
obmacTy M30OBITKA KUCIOPO#A ISl MaH-
raHuTa LaMnO’%CuO’OSOM) U He 3aBUCUT
OT TeMIlepaTyphl, OCTaBasACh PaBHOI 00-
meMy Cofiep>KaHMM MelM, TOTfja KaK 3Ta

o
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Pyic. 3. 3aBUCHMMOCTD KOHIIEHTPALINH
a7meKTpOHHBIX flepexTos LaMnO,+6 ot
KICTIOPOAHOI HecTexnoMeTpuu [8] mpu

PasMYHBIX TeMIIepaTypax

BermunHa Ans LaMn, Cu (O, o Bapbu-
pyeTcs B IIMPOKOM MHTepBaJie IPY M3Me-
HEHUN COfiepyKaHMsI KUCTIOPOfia U TeMIle-
parypsl.

Habmogaemoe yBennueHre comep-
>KaHyst Mn* B MaHraHuTte JaHTaHa IpU
ero JOIMPOBAaHUY MeNbI0 COIJIACyeTCs
c BBIBOAMM paboThl [9], cHemaHHBI-
MM Ha OCHOBAHUM OKMUCIUTETHHO-BOC-
CTAaHOBUTE/ILHOTO TUTPOBAHUS MEMIbIO
00pasioB  3aMelleHHbIX MaHTaHWUTOB
mantana. OOHapy>kKeHHOe B HACTOsILel
paboTe m3MeHeHre KoHIeHTpauyu Cu*?
init| LaMno’goCuo,1003“s B 3aBUCUMMOCTU
OT WHJEKCa KUCIOPOXHON CBepXCTe-
XMOMEeTPUYM U TeMIepaTypbl KOCBEHHO
HOAJEePXKMBACTCS pe3ybTaTaMu paboTs
[10], B KOTOpOI ITOTYYEHHBIIl [JIA 9TOTO
COCTaBa CIIEKTP PEHTTeHOBCKOM (HOTO3-
JIEKTPOHHOJI CIIEKTPOCKOIINM He YAaNoCh
pacidpoBath B IPeIONOKEHUN TOTO,
YTO BCS M€Mlb HAXOAUTCS TOTBKO B COCTO-
AHMU +2. B TO e BpeMs:A, yCTaHOBJIEH-
Hoe aBTOpamy [10] orcyrctBue Mn* B
LaMn, Cu, O,  HOTHOCTDIO COr/IacyeT-
Cs C pe3y/bTaTaMy MOJIe/IbHOTO aHa/IN3a
HedeKTHOI CTPYKTYpPbl 9TOrO MaHTaHU-

Ta, BBIMIOTHEHHOTO B HACTOSIIEN pa60Te.

T
0254 © Cu,1200K
M, 1200 K
Mn;, 1200 K
0204 o cu, 1450K

@ Mn;, 1450 K

oe

0.15

U]

0.10

0.05 « >

0.004 &_

Puc. 4. 3aBucuMOCTD KOHIIEHTpALUU
aneKTpoHHbIX fedextos LaMn . Cu, O, ¢
OT KMC/TOPOJHOI HECTEXMOMETPUM IIPU

Pa3sIMIHBbIX TEMIIEpATypax
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Puc. 5. 3aBUCHMOCTD KOHILIEHTPALNK
a71eKTpOHHbIX fedpexto LaMn ,Cu, O,
OT KMCTIOPOJHOI HeCTeXIIOMeTPUY TIPU
Pa3/IMYHbIX TEMIIEpaTypax

BbiBoabI

JomupoBaHyue MaHIaHUTA JIAaHTaHA
MeJIbI0 OKa3blBaeT 3aMeTHOe B/IMAHUE
IpeX[e BCEro Ha COiepaHue KUCTIOpo-
Ia U ero 3/IeKTPOHHYIO MOACUCTEMY. ITO
Ha0/II0fjae TCA B IIOCTIefIOBATE/IbHON CMeHe
TOMMHUPYIOLIETo 3/IeKTPOHHOTO ITpoljec-
ca ¢ peakuny JUCIpPOIOPLMOHVPOBAHUA
MapraHlla Ha peaxlMio 3JIeKTPOHHOTO
oOMeHa MeX/Iy MapraHileM U MeJblo IO
Mepe YBeINYeHN COfiep>KaHUA ITOCTIef-
Heii B LaMn, Cu O, ; nmpu omHOBpeMeH-

024 o
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0.20] 0 %0 N
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— 0164 590% ° ]
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°
2o o
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Puc. 6. 3aBucMMOCTD KOHIIEHTpALUN
aneKTpoHHbIX fepexTos LaMn, Cu O,
OT KJC/IOPOJIHOV HECTEXVIOMETPUN TIPU
Pas3IMYHBIX TeMIIEpaTypax

HOM YMEHBIIECHNM COREPXKaHUA KUCIIO-
popa. IIpn mocTmKeHUM KOHIIEHTpaUvn
momaHTa z = 0,3, peakuns 571€KTPOHHOTO
obMeHa MEXIy MapraHieM ¥ Menblo, 110
BCeil BUAMMOCTM, CTQHOBUTCA ENVHCT-
BEHHBIM IIPOLIECCOM Pa3yNopALOYeHNA
LaMn,_CuO,, 4TO BBIpa)KaeTcs B €ro
CTEXVOMETPUYECKOM COCTaBe IO KUCIIO-
POy BO BCeM MCCTIeJOBAHHOM MHTepBae
TeMIIepPaTyPBbI.
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