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Abstract. The structure and magnetotransport properties of the A-site ionic ordered state 
in Pr

0.70
Ba

0.30
MnO

3+δ (δ = 0, 0.025) have been investigated. The parent A-site ionic disordered 
Pr

0.70
Ba

0.30
MnO

3
 compound is an orthorhombic (SG = Imma, Z = 4) ferromagnet with Curie tem-

perature T
C
 ≈ 173 K. It exhibits two peaks of electrical resistivity, at T

I
 ~ 128 K and T

II
 ~ 173 K, as 

well as two peaks of magnetoresistance ~ 74 % and ~ 79 % in a field of 50 kOe. The parent A-site ionic 
disordered Pr

0.70
Ba

0.30
MnO

3
 sample used in our studies has an average grain size 〈 D 〉 ≈ 10.213 μm. 

Successive annealing of this sample in vacuum P[O
2
] ≈ 10-4 Pa and then in air at T = 800 0C leads 

to the destruction of its initial grain structure and to its chemical separation into two phases: (i) 
oxygen stoichiometric A-site ordered PrBaMn

2
O

6
 with tetragonal (SG = P4/mmm, Z = 2) unit 

cell and T
C
 ≈ 313 K and (ii) oxygen superstoichiometric A-site disordered Pr

0.90
Ba

0.10
MnO

3.05
 with 

orthorhombic (SG = Pnma, Z = 4) unit cell and T
C
 ≈ 133 K. It also exhibits a magnetoresistance 

of ~ 14 % at ~ 313 K in a field of 50 kOe. This processed sample has a reduced average grain size 
〈 D 〉 ≈ 491 nm. The observed magnetic properties are interpreted in terms of chemical phase sepa-
ration, grain size, and A-site ionic ordering effects. The materials obtained in this work may be used 
at the creation of the magnetic field sensors, as they have considerable magnetoresistance ( ~14% in 
field of 50 kOe) at room temperature. 

Keywords : cation ordering, manganites, magnetoresistance. 
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ÌÀÃÍ²ÒÎÎÏ²Ð ÏÐÈ Ê²ÌÍÀÒÍ²É ÒÅÌÏÅÐÀÒÓÐ² Â ÌÀÍÃÀÍ²ÒÀÕ Pr
0.70

Ba
0.30

MnO
3+δ 

Ç ÓÏÎÐßÄÊÓÂÀÍÍßÌ Â À-ÏÎÇÈÖ²¯ 

Ñ. Â. Òðóõàíîâ, À. Â. Òðóõàíîâ, C. E. Botez, H. Szymczak 

Àíîòàö³ÿ. Äîñë³äæåíî ñòðóêòóðó òà ìàãí³òîòðàíñïîðòí³ âëàñòèâîñò³ âïîðÿäêîâàíîãî ñòàíó 
â À-ïîçèö³¿ â ìàíãàí³òàõ Pr

0.70
Ba

0.30
MnO

3+δ (δ = 0, 0.025). Âèõ³äíèé ðîçóïîðÿäêîâàíèé â À-ïî-
çèö³¿ ñêëàä Pr

0.70
Ba

0.30
MnO

3
 º îðòîðîìá³÷íèì (SG = Imma, Z = 4) ôåðîìàãíåòèêîì ç òåìïåðà-

òóðîþ Êþð³ T
C
 ≈ 173 K. Â³í ïðîÿâëÿº äâà ï³êè åëåêòðè÷íîãî îïîðó ïðè T

I
 ~ 128 K ³ T

II
 ~ 173 K, 

à òàêîæ äâà ï³êè ìàãí³òîîïîðó ~ 74 % ³ ~ 79 % ó ïîë³ 50 êÅ. Öåé çðàçîê Pr
0.70

Ba
0.30

MnO
3
 ñêëà-

äàºòüñÿ ç êðèñòàë³ò³â ³ç ñåðåäí³ì ðîçì³ðîì 〈 D 〉 ≈ 10.213 μì. Ïîñë³äîâíèé â³äïàë öüîãî çðàçêà 
ó âàêóóì³ P[O

2
] ≈ 10-4 Ïa, à ïîò³ì íà ïîâ³òð³ ïðè T = 800 0C âåäå äî ðóéíóâàííÿ éîãî ïî÷àò-

êîâî¿ ñòðóêòóðè ³ õ³ì³÷íîìó ðîçøàðóâàííÿ íà äâ³ ôàçè: (i) ñòåõ³îìåòðè÷íó ïî êèñíþ âïî-
ðÿäêîâàíó â À-ïîçèö³¿ PrBaMn

2
O

6
 ç òåòðàãîíàëüíîþ (SG = P4/mmm, Z = 2) åëåìåíòàðíîþ 

êîì³ðêîþ ³ T
C
 ≈ 313 K ³ (ii) íàäñòåõ³îìåòðè÷íîþ ïî êèñíþ ðîçóïîðÿäêîâàíîþ â À-ïîçèö³¿ 

Pr
0.90

Ba
0.10

MnO
3.05

 ç îðòîðîìá³÷íîþ (SG = Pnma, Z = 4) åëåìåíòàðíîþ êîì³ðêîþ ³ T
C
 ≈ 133 K. 

Â³í òàêîæ ïðîÿâëÿº ìàãíèòîîï³ð ~ 14 % ïðè ~ 313 K ó ïîë³ 50 êÅ. Öåé çðàçîê ñêëàäàºòüñÿ ³ç 
êðèñòàë³ò³â ç³ çìåíøåíèì ñåðåäí³ì ðîçì³ðîì 〈 D 〉 ≈ 491 nm. Ñïîñòåðåæóâàí³ ìàãí³òí³ âëàñ-
òèâîñò³ ³íòåðïðåòóþòüñÿ â ïðèïóùåíí³ õ³ì³÷íîãî ôàçîâîãî ðîçøàðóâàííÿ, à òàêîæ åôåê-
ò³â ðîçì³ðíîñò³ êðèñòàë³ò³â ³ âïîðÿäêóâàííÿ êàò³îí³â â À-ïîçèö³¿. Îòðèìàí³ â äàí³é ðîáîò³ 
ìàòåð³àëè ìîæóòü áóòè âèêîðèñòàí³ ïðè ñòâîðåíí³ äàò÷èê³â ìàãí³òíîãî ïîëÿ, òîìó ùî âî-
ëîä³þòü çíà÷íèì ìàãí³òîîïîðîì ( ~14% ó ïîë³ 50 êÅ) ïðè ê³ìíàòí³é òåìïåðàòóð³. 

Êëþ÷îâ³ ñëîâà : óïîðÿäêóâàííÿ êàò³îí³â, ìàíãàí³òè, ìàãí³òîîï³ð. 

ÌÀÃÍÈÒÎÑÎÏÐÎÒÈÂËÅÍÈÅ ÏÐÈ ÊÎÌÍÀÒÍÎÉ ÒÅÌÏÅÐÀÒÓÐÅ Â ÌÀÍÃÀÍÈÒÀÕ 
Pr

0.70
Ba

0.30
MnO

3+δ Ñ ÓÏÎÐßÄÎ×ÅÍÈÅÌ Â À-ÏÎÇÈÖÈÈ 

Ñ. Â. Òðóõàíîâ, À. Â. Òðóõàíîâ, C. E. Botez, H. Szymczak 

Àííîòàöèÿ. Èññëåäîâàíû ñòðóêòóðà è ìàãíèòîòðàíñïîðòíûå ñâîéñòâà óïîðÿäî÷åííîãî 
ñîñòîÿíèÿ â À-ïîçèöèè â ìàíãàíèòàõ Pr

0.70
Ba

0.30
MnO

3+δ (δ = 0, 0.025). Èñõîäíûé ðàçóïîðÿäî-
÷åííûé â À-ïîçèöèè ñîñòàâ Pr

0.70
Ba

0.30
MnO

3
 ÿâëÿåòñÿ îðòîðîìáè÷åñêèì (SG = Imma, Z = 4) 

ôåððîìàãíåòèêîì ñ òåìïåðàòóðîé Êþðè T
C
 ≈ 173 K. Îí ïðîÿâëÿåò äâà ïèêà ýëåêòðè÷åñêîãî 

ñîïðîòèâëåíèÿ ïðè T
I
 ~ 128 K è T

II
 ~ 173 K, à òàêæå äâà ïèêà ìàãíèòîñîïðîòèâëåíèÿ ~ 74 % 

è ~ 79 % â ïîëå 50 êÝ. Ýòîò îáðàçåö Pr
0.70

Ba
0.30

MnO
3
 ñîñòîèò èç êðèñòàëëèòîâ ñî ñðåäíèì ðàç-

ìåðîì 〈 D 〉 ≈ 10.213 μì. Ïîñëåäîâàòåëüíûé îòæèã ýòîãî îáðàçöà â âàêóóìå P[O
2
] ≈ 10-4 Ïa è 

çàòåì íà âîçäóõå ïðè T = 800 0C âåäåò ê ðàçðóøåíèþ åãî íà÷àëüíîé ñòðóêòóðû è õèìè÷åñêîìó 
ðàññëîåíèþ íà äâå ôàçû: (i) ñòåõèîìåòðè÷åñêîé ïî êèñëîðîäó óïîðÿäî÷åííîé â À-ïîçèöèè 
PrBaMn

2
O

6
 ñ òåòðàãîíàëüíîé (SG = P4/mmm, Z = 2) ýëåìåíòàðíîé ÿ÷åéêîé è T

C
 ≈ 313 K è 

(ii) ñâåðõñòåõèîìåòðè÷åñêîé ïî êèñëîðîäó ðàçóïîðÿäî÷åííîé â À-ïîçèöèè Pr
0.90

Ba
0.10

MnO
3.05

 
ñ îðòîðîìáè÷åñêîé (SG = Pnma, Z = 4) ýëåìåíòàðíîé ÿ÷åéêîé è T

C
 ≈ 133 K. Îí òàêæå ïðî-

ÿâëÿåò ìàãíèòîñîïðîòèâëåíèå ~ 14 % ïðè ~ 313 K â ïîëå 50 êÝ. Ýòîò îáðàçåö ñîñòîèò èç 
êðèñòàëëèòîâ ñ óìåíüøåííûì ñðåäíèì ðàçìåðîì 〈 D 〉 ≈ 491 nm. Íàáëþäàåìûå ìàãíèòíûå 
ñâîéñòâà èíòåðïðåòèðóþòñÿ â ïðåäïîëîæåíèè õèìè÷åñêîãî ôàçîâîãî ðàññëîåíèÿ, à òàêæå 
ýôôåêòîâ ðàçìåðíîñòè êðèñòàëëèòîâ è óïîðÿäî÷åíèÿ êàòèîíîâ â À-ïîçèöèè. Ïîëó÷åííûå 
â äàííîé ðàáîòå ìàòåðèàëû ìîãóò áûòü èñïîëüçîâàíû ïðè ñîçäàíèè äàò÷èêîâ ìàãíèòíîãî 
ïîëÿ, òàê êàê îáëàäàþò çíà÷èòåëüíûì ìàãíèòîñîïðîòèâëåíèåì ( ~14% â ïîëå 50 êÝ) ïðè 
êîìíàòíîé òåìïåðàòóðå. 

Êëþ÷åâûå ñëîâà : óïîðÿäî÷åíèå êàòèîíîâ, ìàíãàíèòû, ìàãíèòîñîïðîòèâëåíèå. 
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Complex manganese oxides Ln
1-x

D
x
MnO

3
, 

where Ln – trivalent lanthanide, D – divalent al-
kaline earth metal, with perovskite structure have 
been extensively investigated [1] due to their re-
markable electrical and magnetic properties that 
include the so-called colossal magnetoresistive ef-
fect [2]. While many factors determine the prop-
erties of manganites, the most important ones are 
their electronic structure, which is related to the 
ion type and stoichiometry, and their crystal struc-
ture, where the average 〈 Mn – O 〉 bond length and 
the average 〈 Mn – O – Mn 〉 bond angle play key 
roles. For these materials the decrease of the lan-
thanide ion radius leads to decrease of the average 
〈 Mn – O – Mn 〉 bond angle from 180° [3], and to 
the reduction of both the e

g
-electron bandwidth, 

W= cos(1/2[π-〈 Mn – O – Mn 〉]) / 〈 Mn – O 〉3.5 
and the e

g
-electron transfer integral b

ij
 = 0

ijb cos(

ijθ /2) [4]. Here, 0
ijb  ~ 〈 Mn – O – Mn 〉 and ijθ  is 

the angle between neighboring iS  and jS  spins. For 
complex doped Ln

1-x
D

x
MnO

3
 manganites increas-

ing the dopant concentration x induces a trans-
formation from an antiferromagnetic insulator to 
a ferromagnetic metal. The maximum values of 
T

C
 are reached for the optimal doping x ~ 0.3 [1]. 

Moreover, for a given hole concentration the mag-
netotransport properties of the doped manganites 
are determined not only by the average A-site ionic 
radius 〈 r

A
 〉 = (1-x)r

Ln
 + xr

D
, but also by the size 

mismatch at the A site represented by the variance 
σ2 = 2 2

i i A
i
x r r− 〈 〉∑  (where i is A-site cation type) 

[5]. Several theoretical models have been developed 
in an attempt at explaining the physical properties 
of complex manganites, including double exchange 
interactions, superexchange interactions, or phase 
separations with competitive exchange interac-
tions having opposite signs [6]. Cation ordering in 
the perovskite structure is known to noticeably al-
ter the magnetotransport properties of manganites 
even when 〈 r

A
 〉 and σ2 have fixed values. The A-site 

disordered solid solution series Pr
1-x

Ba
x
MnO

3
 and 

Nd
1-x

Ba
x
MnO

3
 exhibit the maximum values of T

C
 

(176 K [7] and 151 K [8]) for x ~ 0.30. Disordered 
Pr

0.50
Ba

0.50
MnO

3
 and Nd

0.50
Ba

0.50
MnO

3
 (x=0.50) 

have lower T
C
 values: ~ 140 K [9] and ~ 80 K [10], 

respectively. However, the A-site ordered com-
pounds PrBaMn

2
O

6
 and NdBaMn

2
O

6
 (where the 

A-type antiferromagnetic state is the basic magnet-
ic one) show ferromagnet-paramagnet transitions 
at ~ 320 K and ~ 310 K [10]. It is interesting to note 
that such properties are observed only for manga-
nites with the maximal (100%) degree of Ln3+ and 

Ba2+ cations ordering. Using special conditions 
of treatment a series of solid solutions [Ln

g
Ba

1–

g
]

Ln
[Ln

1–g
Ba

g
]

Ba
Mn

2
O

6
 with various degrees of the 

A-site ordering from 0 to 100% has been obtained 
[11]. In this case the partial A-site disordering sup-
presses the antiferromagnetism and, as a result, the 
La3+-, Pr3+-, and Nd3+-based solid solutions be-
come pure ferromagnets. Yet, the minimal value of 
the Ba2+ cation concentration for which the A-site 
ordered state can be formed, as well as the synthesis 
and microscopic details of such a state have been not 
determined so far. Here we present the results of our 
investigation on the structure and magnetotrans-
port properties of A-site disordered and ordered 
phases in optimally doped Pr

0.70
Ba

0.30
MnO

3+δ (δ = 0 
and 0.025) manganites with fixed 〈 r

A
 〉 = 1.2663 Å, 

σ2 = 0.0178 Å2. 
The polycrystalline oxygen stoichiometric A-

site disordered Pr
0.70

Ba
0.30

MnO
3
 sample has been 

obtained using conventional ceramic technol-
ogy. Oxides Pr

6
O

11
 and Mn

2
O

3
 as well as carbon-

ate BaCO
3
 (all of high-purity grade) have been 

weighed in accordance with the cation ratio and 
thoroughly mixed. Decarbonization and compac-
tion of the ceramic have been carried out by an-
nealing the sample in air for 2 h at T = 1100 0C, 
followed by crushing. The final synthesis has been 
carried out in air at T = 1560 0C for 2 h. Then it was 
slowly cooled down to room temperature at a rate 
of 100 0C/1 h to obtain an oxygen content close 
to the stoichiometric value. The anion-deficient 
sample has been obtained by the topotactic reac-
tion. The sample has been placed in an evacuated 
(P ~ 10–4 Pa) and fused quartz ampoule together 
with a certain amount of metallic tantalum, which 
has been used as an oxygen getter. The quartz am-
poule containing the sample has been kept for 24 h 
at T = 800 0C and then cooled to room temperature 
at a rate of 100 0C/1 h. Reduction has been carried 
out to the phase “ O

2.60
 “ to satisfy the condition 

Mn3+ / Mn2+ = 1. The oxygen content of the anion-
deficient 3 2 3 2 2

0.70 0.30 0.50 0.50 2.60Pr Ba Mn Mn O+ + + + −  sample has been 
determined by weighing before and after the reac-
tion. The anion-deficient sample was then subject-
ed to oxidation in air for 5 h at T = 800 0C to obtain 
the nominal phase “ O

3
 “. After oxidation the oxy-

gen content has been monitored by weighing as well 
as by chemical titration and it has been determined 
to be 3.025 ± 0.001. The chemical composition of 
all the samples has been studied by a PHI Model 
660 scanning Auger microprobe. X-ray diffraction 
phase analysis has been carried out on a DRON-

S. V. Trukhanov, A. V. Trukhanov, C. E. Botez, H. Szymczak
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3M diffractometer using the Cu-Kα radiation in the 
angular interval 20 deg ≤ 2Θ ≤ 80 deg. The X-ray 
diffraction patterns have been analyzed by the Ri-
etveld method using the FullProof software. Grain 
topography imaging was carried out using a Carl 
Zeiss LEO1455VP scanning electron microscope. 
The dc-resistivity of the samples has been measured 
by standard four probe technique over a tempera-
ture range 3-350 K. Indium eutectic has been em-
ployed to deposit the contacts. The magnetoresis-
tance has been calculated according to the relation: 
MR = {[ρ(H) - ρ(H=0)] / ρ(H=0)}*100%, where 
MR  is the negative isotropic magnetoresistance, 
ρ(H) the resistivity in a magnetic field of 50 kOe, 
and ρ(H=0) the resistivity without a magnetic field. 

The analysis of the X-ray diffraction patterns 
shown in Fig.1-a indicates that the oxygen stoi-
chiometric A-site disordered Pr

0.70
Ba

0.30
MnO

3
 

sample is well described (χ2 = 2.77) by an ortho-
rhombic (SG = Imma, Z = 4) perovskite-like unit 
cell (Fig. 2-a) with parameters a = 5.5252(7) Å, 
b = 7.7672(8) Å, c = 5.5076(7) Å and 
V = 236.36(6) Å3. These results are in good agree-
ment with previous data [12]. The X-ray diffrac-
tion patterns for the oxygen superstoichiometric 
A-site ordered Pr

0.70
Ba

0.30
MnO

3.025
 sample (Fig. 1-

b) can be satisfactorily calculated (χ2 = 2.91 
(2.91)) only if two phases are considered: (i) ox-
ygen stoichiometric A-site ordered PrBaMn

2
O

6
 

with a tetragonal (SG = P4/mmm, Z = 2) unit 
cell and (ii) oxygen superstoichiometric A-site dis-
ordered Pr

0.90
Ba

0.10
MnO

3.05
 with an orthorhombic 

(SG = Pnma, Z = 4) unit cell. This is also in good 
agreement with previous data. The volume ratio of 
the two phases is V(PrBaMn

2
O

6
)/V(Pr

0.90
Ba

0.10
Mn

O
3.05

) ~ 1. The use of the Imma or Pnma one-phase 
mode and/or P4/mmm+Imma two-phase mode as 
well as the disregard of the tetragonal space group 
P4/mmm considerably lower the quality of the Ri-
etveld refinement. The presence of the tetragonal 
group P4/mmm indicates that the cation order-
ing is preserved. This type of distortion (SG = P4/
mmm, Z = 2) is associated with ordering of Pr3+ 
and Ba2+ cations in the (001) planes which implies 
the unit cell doubling along the [001] direction. Di-
rect proof of cation ordering is the presence of (0 0 
1/2) reflections in the X-ray diffraction patterns, as 
well as the results of earlier electron diffraction and 
high resolution electron microscopy experiments 
on PrBaMn

2
O

5.70
 [10]. Worthy of note is that the 

ordering of Pr3+ and Ba2+ cations not only reduces 
the comparable unit cell volume of A-site ordered 

phase by approximately 1% but also increases the 
average 〈 Mn – O – Mn 〉 bond angle by approxi-
mately 6 %. It will be shown below that such mini-
mal changes in the crystal structure considerably 
modify the magnetoresistance properties. 

 

Fig. 1. The diagram of powder X-ray diffraction at room 
temperature for the oxygen stoichiometric A-site dis-
ordered Pr

0.70
Ba

0.30
MnO

3
 (a) and oxygen superstoichio-

metric A-site ordered Pr
0.70

Ba
0.30

MnO
3.025

 (b) samples. 
Experimental data (dark circles), fitting curve (solid 
curve), admissible positions of Bragg reflections (verti-
cal segment) and the difference curve (lower solid curve). 
Insert demonstrates the shape and widening of the Bragg 
reflections. 

Fig. 2 shows the grain topography obtained 
by scanning electron microscopy for the oxygen 
stoichiometric A-site disordered Pr

0.70
Ba

0.30
MnO

3
 

and oxygen superstoichiometric A-site ordered 
Pr

0.70
Ba

0.30
MnO

3.025
 samples. The noticeable de-

crease in the average grain size for the oxygen super-
stoichiometric A-site ordered Pr

0.70
Ba

0.30
MnO

3.025
 

sample (after the reduction-reoxidization reac-
tion) from micrometer to nanometer size can be 
explained by the intense diffusion of ions as well 
as by the ordering of the oxygen vacancies in the 
shape of complex surfaces over which the destruc-
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tion of the material occurs. As it can be observed, 
the nanograins combine to form a mosaic struc-
ture spanning the entire ceramic. The grain size 
variation interval for the oxygen superstoichio-
metric A-site ordered Pr

0.70
Ba

0.30
MnO

3.025
 sam-

ple is 0.254 ÷ 0.901 μm, whereas its counterpart 
for the oxygen stoichiometric A-site disordered 
Pr

0.70
Ba

0.30
MnO

3
 is 3.817 ÷ 17.540 μm. The quan-

titative stereologic analysis of the oxygen stoichio-
metric A-site disordered Pr

0.70
Ba

0.30
MnO

3
 sample 

shows that 19.36 % of the grains have a size varia-
tion from 10.000 μm to 12.000 μm. The average 
grain size is 〈 D 〉 ≈ 10.213 μì. Grains with sizes 
smaller 0.200 μm or larger 18.000 μm have been not 
detected. For the oxygen superstoichiometric A-site 
ordered Pr

0.70
Ba

0.30
MnO

3.025
 44.30 % of the grains 

have a size variation from 0.400 μm to 0.600 μm. 
Grains with size smaller 0.100 μm and larger 
1.000 μm have been not detected. The average grain 
size for this sample is 〈 D 〉 ≈ 0.491 μì. The shape of 
the Bragg peaks is affected by the small grain size, 
which is observed on insert of Fig.1. The A-site or-
dered Pr

0.70
Ba

0.30
MnO

3.025
 sample with nanograines 

demonstrates the wide Bragg peaks. The size of the 
crystallites influences the properties of the crystal 
structure. A decrease in the grain size (to nanome-
ter size) reduces the unit cell volume, which can be 
explained by an increase in the surface tension as 
compared to elastic forces in the bulk material [13]. 
This follows from comparison of the commensurate 
unit cell volume of the Pr

0.90
Ba

0.10
MnO

3.05
 phase (in 

our case V = 236.60(5) Å3) to the previous results 
(V = 238.44(7) Å3). We concluded that the decrease 
in the unit cell volume in the oxygen superstoichio-
metric A-site ordered Pr

0.70
Ba

0.30
MnO

3.025
 samples 

occurs as a result of both cation ordering and an 
increase of surface tension in the outside layers of 
the nanograines. The oxygen stoichiometric A-site 
disordered Pr

0.70
Ba

0.30
MnO

3
 sample is a ferromagnet 

with Curie temperature T
C
 ~ 173 K. At the same 

time, the oxygen superstoichiometric A-site or-
dered Pr

0.70
Ba

0.30
MnO

3.025
 sample exhibits two mag-

netic transitions at ~ 313 K and ~133 K. These cor-
respond to the transition from the paramagnetic to 
the ferrimagnetic state for the oxygen stoichiomet-
ric A-site ordered PrBaMn

2
O

6
 and oxygen super-

stoichiometric A-site disordered Pr
0.90

Ba
0.10

MnO
3.05

 
phases, respectively. For this sample, the phase tran-
sitions are not particularly sharp, which suggests an 
incomplete ordering of the Pr3+ and Ba2+ cations in 
the PrBaMn

2
O

6
 phase. The oxygen superstoichio-

metric A-site disordered Pr
0.90

Ba
0.10

MnO
3.05

 exhibits 

slightly higher values of T
C
 ~ 133 K as compared to 

the available literature value of T
C
 ~ 110 K, which 

can be attributed to the above-discussed nanocrys-
tallite compression and to the presence of the su-
perstoichiometric Mn4+ cations. 

 

Fig. 2. The grain topography obtained with the help of a 
scanning electron microscope for the oxygen stoichio-
metric A-site disordered Pr

0.70
Ba

0.30
MnO

3
 (a) and oxygen 

superstoichiometric A-site ordered Pr
0.70

Ba
0.30

MnO
3.025

 
(b) samples. 

Fig. 3 illustrates the temperature dependence 
of the electrical resistivity and magnetoresistance 
measured in magnetic field of 50 kOe. The oxygen 
stoichiometric A-site disordered Pr

0.70
Ba

0.30
MnO

3
 

exhibits a semiconductor behavior in the paramag-
netic state above ~ 173 K (Fig. 3-a). This sample 
has two peaks of electrical resistivity, at T

I
 ~ 128 K 

and T
II
 ~ 173 K. The temperature ~ 173 K coin-

cides with the Curie temperature T
C
. Below T

C
 the 

ferromagnetic order decreases via magnetoimpurity 
scattering of the charge carriers and the conductiv-
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ity shows a metallic behavior. The resistivity peak 
at T

I
 ~ 128 K for the oxygen stoichiometric A-site 

disordered Pr
0.70

Ba
0.30

MnO
3
 sample can not be ex-

plained by spin-dependent tunneling of the charge 
carriers between grains because the grains are in the 
micrometer range and the grain boundaries bring 
in a small contribution to the resistivity [14]. How-
ever, above-mentioned peak at T

I
 ~ 128 K may be 

explained by magnetic phase separation in the fer-
romagnetic and paramagnetic clusters. In Ref. [15] 
the equation for the total resistivity in the ferromag-
netic state has been obtained as : 

 
( ) (1 )( )

0
( )

g g g g
P P P F

g g g g
P F

R R R R
R KR R KR

− − − −

− − − −

ϕ − − ϕ −
+ =

+ +
 

 

Fig. 3. The temperature dependence of the electrical re-
sistivity in absence magnetic field (full rectangles) and 
in field of 50 kOe (open rectangles) as well as magne-
toresistance (full circles) for the oxygen stoichiometric 
A-site disordered Pr

0.70
Ba

0.30
MnO

3
 (a) and oxygen su-

perstoichiometric A-site ordered Pr
0.70

Ba
0.30

MnO
3.025

 (b) 
samples. 

Here R is the total resistivity, R
F
 = B + C(T/T

C
)2 

is the resistivity in ferromagnetic state (where (dR
F
/

dT > 0), and B and C are constants), and R
P
 = A(T/

T
C
)exp(E

AC
T

C
/T) is resistivity in the paramagnetic 

state (where (dR
P
/dT < 0) and A is constant). E

AC
 

is the polaron activation energy, and φ
P
 the volume 

fraction of the paramegnetic phase (where φ
P
 = 1 at 

T > T
C
 and φ

P
 = exp[(T/T

C
 – 1)/d), with d the crit-

ical parameter of ferromagnet-paramagnet phase 
transition and K and g constants which determine 
the percolation threshold). An electrical resistiv-
ity anomaly should be observed at the widening of 
the ferromagnet-paramagnet transition, below T

C
. 

Also, for d ≥ 3.2 on the resistivity curve, below T
C
, 

the second peak appears. That is observed in our ex-
periments. Switching on the magnetic field reduces 
the resistivity and increases the resistivity peak tem-
peratures to T

I
 ~ 138 K and T

II
 ~ 210 K (Fig. 3-a). 

The presence of the magnetic field also induces two 
peaks in the magnetoresitance: ~ 74 % and ~ 79 %. 
In addition, the A-site ionic ordering leads to the in-
crease of the metal-insulator transition temperature. 
For the oxygen superstoichiometric A-site ordered 
Pr

0.70
Ba

0.30
MnO

3.025
 sample (Fig. 3-b) the transition 

temperatures are T
I
 ~ 128 K and T

II
 ~ 313 K. The 

high-temperature peak almost disappears in a mag-
netic field, and the magnetoresistance at ~ 313 K 
is 14 %. The increase of the resistivity transition 
temperature for the oxygen superstoichiometric 
A-site ordered Pr

0.70
Ba

0.30
MnO

3.025
 sample is prob-

ably due to the increase the e
g
-electron bandwidth 

W = cos(1/2[π-〈 Mn – O – Mn 〉]) / 〈 Mn – O 〉3.5 
and e

g
-electron transfer integral b

ij
 = 0

ijb cos( ijθ /2). 
The materials obtained in this work may be used at 
the creation of the magnetic field sensors, as they 
have considerable magnetoresistance ( ~14% in 
field of 50 kOe) at room temperature. This study 
has been partly supported by the Belarus Republic 
Foundation for Basic Research (grants no. F08R-
148 and F09K-015). 
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