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Many manganites with the general ABO3 formula are well known as materials with negative magnetoresistance. The 
YbMnO3 + La0.667Sr0.333-1.667xK1.667xMnO3 mixtures were obtained by sol-gel method, using oxides and acetates. The 
compounds were sintered in air at 1200oC for 15 hours. The treated compounds were investigated by X-ray 
diffraction, using a HUBER – Guinier Camera 670 diffractometer with a CuKα radiation. The SG and the lattice 
constants were determined by using DICVOL and CELREF programs. The cation and anion positions in the unit cell 
were determined by using FullProof. The magnetic properties were investigated with a Foner type magnetometer, 
between 77 and 500 K. The sintered samples contain only the manganites, but two phases (rhombohedral (R), S. G. 

R c3  and hexagonal (H), S. G. P63cm). The substitution of Sr with K and the increase of Sr concentration lead to an 
increase of the lattice constants and a modification of magnetic properties.  

INTRODUCTION 

ABO3 compounds, with A= La, Pr, Nd, Pb, Ca, Sr, etc, and B=Mn, ideally crystallise in a cubic 
structure, similar to CaTiO3. Depending on the chemical composition and temperature the manganites exhibit 
various state, including the ferromagnetic and metallic states or antiferromagnetic (paramagnetic) insulator 
state, the ordering of charges or orbitals. The phase transitions (as metal – insulator, charge/spin order – 
disorder) are sensible to the applied magnetic field or/and pressure.1, 2 Many manganites are well known as 
materials with negative magnetoresistance, which is determinate by: 1) the dimensions and the 
concentrations of A cations and 2) the hole density, determined by the Mn3+  and Mn4+ concentrations. The 
role of magnetic order in manganites has been widely discussed since double exchange, inducing the 
ferromagnetic order, is associated with a metallic state. The exchange interaction alone cannot explain the 
magnetic and transport properties. Jonker and van Santen, which firstly investigated the correlation between 
the magnetic, electric properties and the structure of some perovskites, concluded that the manganites are 
mixtures of metallic grains into an insulator matrix.1 On the other hand, the substitution of La cation with 
cations which differ as radius or valence state, leads to a non-monotonous variation of the Curie and metal-
insulator transition temperatures (TC and TMI), the system having various states, between the metallic 
ferromagnetic to insulator charge ordered.3 The substitution of La with some cations as Re=Lu, Er, Yb etc 

leads to a mixture of a perovskite with R c3  structure and a ReMnO3 hexagonal (P63cm) phase.4  
We synthesized and studied the structure and magnetic properties of some compounds from YbMnO3-

La0.67Sr0.33-1.67xK1.67xMnO3 system. The presence of the second non-metallic phase can improve the 
magnetoresistive properties of the manganites. On the other hand, the substitution of Sr with K should 
change the average radius of the A places, implicitly the TC and TMI temperatures. 
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EXPERIMENTAL 

The YbMnO3-La0.67Sr0.33-1.67xK1.67xMnO3 system compounds were obtained by sol-gel method, using oxides and acetates, and 
treated at 400-700oC in air.5 The resulted powders were pressed, presintered at 700ºC and finally sintered at 1200ºC in O2 atmosphere 

for 5 hours. The samples obtained in above conditions were supplementary heated in the atmospheric air for 15 h at 1200oC.  
The treated compounds were investigated by X-ray diffraction, using a HUBER – Guinier Camera 670 diffractometer with a 

CuKα radiation. The space groups and the lattice constants were determined by using DICVOL and CELREF programs. The 
precision of the interplanar distances was better as 0.001 Å.  

The magnetic properties were investigated with a Foner type magnetometer, between 77 and 500 K. The measuring system of 
the magnetometer was previewed with a data acquisition system.         

The tolerance and the chemical disorder factors were obtained with formula: 
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where rA, rB and rO represent average radius of A and B places, respectively, of oxygen  

RESULTS AND DISCUSSION 

The sintered samples contain two main phases with rhombohedral H-axis (R≡ R c3 ) and hexagonal 
(H≡ P63cm) structures (Fig.1).  

 

 
Figure 1 

In agreement with the results of Sun et al4, the hexagonal phase contains only Yb, Mn and O 
(YMO≡YbMnO3), while the rhombohedral phase contains La, K, Mn and O (L(S,K)MO≡ La0.667Sr0.333-

1.667xK1.667x MnO3, where x=0.0, 0.05 and 0.1). A superstructure characterized by the P2/m monoclinic space 

group was also observed. The positions of the atoms in P63cm (YMO structure) and in R c3  (L(S,K)MO 
structure) are in agreement with the data of Isobe et al6 and, respectively Hibble et al7 (Tab.1 and Figs. 2 
and 3). Details concerning the refinement of the structural parameters, including the superstructure data, will 
be published elsewhere. 



Figure 2

Figure 3
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Table 1 

Room temperature structural parameters for LSKMO (P63cm) and YMO ( R c3 )  

P63cm Atom R c3  Atom 
x y z  x y z 

YbI 0.000 0.000 0.273 La(Sr,K) 0.000 0.000 0.250 
YbII 0.333 -0.333 0.231     
Mn 0.333 0.000 -0.019 Mn 0.000 0.000 0.000 
OI 0.303 0.000 0.162 O 0.542 0.000 0.250 
OII 0.361 0.000 -0.166     
OIII 0.000 0.000 -0.027     
OIV 0.333 -0.333 0.019     

The unit cell volume of rhombohedral H-axis and hexagonal phases and the tolerance factor increase 
continuous vs. increase of Sr concentration of the samples. The substitution of Sr (rSr2+=145 pm) with K 
(rK+=169 pm) (after Shannon)8 leads to an increase of the lattice constants (Tab.2) and of the Mn3+/Mn4+ ratio 
in the YMO+La(S,K)MO system.  

Ratio of the rhombohedral H-axis and hexagonal phases shows small variation vs the increase of the K 
concentration in the samples. The lattice constants (a and c) of the unit cell volume of La(S,K)MO phase 
vary monotonously ( Tab. 2), while  those of YMO phase have a small random variation close to the values 
corresponding to YbMnO3 (a=b=6.0584; c=11.3561), obtained of van Aken et al.9 The unit cell volume of 
both phases increase with the increase of the K concentration. Variation of the lattice constants and of the 
unit cell volumes of La(S,K)MO and YMO phases are correlated with the change of the observed and 
calculated distances between A and B cations, on the one hand, and O, on the other hand (Tab.2).  

Table 2 
The variation of the lattice parameters (a,b,c), unit cell volume (V)  

Chemical composition Cell type a (Å) b (Å) c (Å) V (Å3) 

La0.667Sr0.333MnO3 R c3  5.5106 5.5106 13.3840 351.98 

YbMnO3 P63cm 6.0731 6.0731 11.3493 362.61 

La0.667Sr0.25K0.083MnO3 R c3  5.5137 5.5137 13.3804 352.28 

YbMnO3 P63cm 6.0961 6.0961 11.3406 364.98 

La0.667Sr0.167K0.166MnO3 R c3  5.5181 5.5181 13.3696  352.56 

YbMnO3 P63cm 6.0956 6.0956 11.3459 365.13 

The calculated rA and rB average radii increase, respectively, decrease with the increases of K 
concentration due: 1)rK+>rSr2+ ; 2)the increase of Mn4+ concentration, which has a radius smaller than that of 
Mn3+. For La(S,K)MO phase the variation of dA-O distances and rA has the same sense, but smaller as 
expected, while the variation of dMn-O distances has the sense inverse thus of rB (s.Tab.3).  

Table 3 
The variation of the dMn-O, dA-O distances (observed)(Å) and rA and rB average radii of A and B places (calculated)(Å)   

Chemical composition Cell type dA-O(Å) rA(Å) dMn-O(Å) rB(Å) 

La0.667Sr0.333MnO3 R c3  2.7527 1.387 1.9567 
0.747 

YbMnO3 P63cm 2.2891; 3.3415  1.9578  

La0.667Sr0.25K0.083MnO3 R c3  2.7545 
1.407 1.9573 

0.737 

YbMnO3 P63cm 2.2927; 3.3389  1.9609  

La0.667Sr0.167K0.166MnO3 R c3  2.7557 
1.429 1.9578 

0.728 

YbMnO3 P63cm 2.2933; 3.3404  1.9613  
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For YMO phase an increase of the dMn-O distances, of the distortion of YbO8 polyhedrons (as ratio of 
Yb-O average radii) and of the unit cell volume takes places, when the K concentration increases (s.Tab.3) in 
the samples. The average radii of A and B places of R phase was performed taking account a cation 
distribution given by the formula: 

 ( ) ( ).667 .667La Sr K Mn Mn Ox x A y y B0.667
3

0.333 1
2

1 1
3 4

3
+

−
+ +

−
+ +  (2)

The ratio between R and H phases shows only a small variation with the increase of the K 
concentration in the samples (s.Fig.1) and remains about 60% from the sample weight. An increase of the 
Mn4+ concentration should lead to a decrease of the rB radius, implicitly to a decrease of dMn-O distances 
(s.Tab.3). If we take account the observed variation of the distances between Mn and O, the Mn4+ and 
oxygen contents of L(S,K)MO phase should decrease with about 1% and, respectively, 2.7%. Variation of the 
Mn-O distances is due to a small variation of the oxygen content in both YbMnO3 and La0.667Sr0.333-

1.667xKxMnO3 phases. Indirectly and partially, these values are confirmed by results of the magnetic 
measurements (s.Fig.4). Magnetization of the samples are due only to the metallic ferromagnetic(FMM) 
L(S,K)MO phase, because the YMO phase is paramagnetic for T>80 K and antiferromagnetic at lower 
temperatures. 

 
Figure 4 

The Curie temperature was determined from the second differentiate of the σ=σ(T) curve, in agreement 
with Zemni.10 Concerning the rhombohedral FMM phase, the appearance of the ferromagnetism is 
conditioned by the existence of the Mn3+-O-Mn4+ bonds, characterized by an 1800 angle. Two interactions 
compete in the Mn3+-O-Mn4+ bonds: 1) a ferromagnetic double exchange (DE) interaction and 2) an 
antiferromagnetic super exchange (SE) interaction. DE interactions dominate in metallic manganites and 
determine the bandwidth (w) as: 

w ∝ cosθ/(dMn-O)3.5 (3)

where θ represents the angle between the magnetic moments associated to two neighbour manganese cations. 
The Curie temperature of FMM hexagonal phase, which depends on w, decreases with the increase of dMn-O 

distances, the tolerance factor and chemical disorder (s.Tab.2 and 4), due to the increase of Mn4+ and K+ 

contents, in agreement with the literature.10-12 
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Table 4 

The variation of the Curie temperature (TC), observed and calculated molecular magnetization (pobs, pcalc), calculated tolerance factor 

( t calc
L(S,K)MO ) and chemical disorder ( ( )calc

2 L(S,K)MOσ ) for L(S,K)MO 

Chemical composition TC(K) tcalc
L(S,K)MO  

( )calc
2 L(S,K)MOσ

 (Å2) 

pobs (µB/mol) 
at 77 K pcalc (µB/mol) 

La0.667Sr0.333MnO3+ YbMnO3 350 0.931 0.0020 1.563 2.200 
La0.667Sr0.25K0.083MnO3+ YbMnO3 343 0.942 0.0088 1.478 2.150 
La0.667Sr0.167K0.166MnO3+ YbMnO3 319 0.954 0.0130 0.678 2.100 

We suppose that the rhombohedral H-axis phase is formed by ferromagnetic metallic clusters, which 
contain Mn3+ – Mn4+ pars, in an insulator matrix. The substitution of Sr with K leads to an increase of the 
chemical disorder on the A places and a decrease of the DE interactions as comparing with SE interactions, 
implicitly to a diminish of the TC temperature (s.Tab.4). On the other hand, the value of the molecular 
moments is smaller as expected. Two mechanism could explain this behaviour: 1)the decrease of the oxygen 
content, which leads to a decrease of Mn4+ amount and 2)the increase of the crystalline disorder, due to the 
substitution of Sr cations with K larger cations. The first mechanism produces a smaller Mn3+ – Mn4+ pars, 
while the second, can leads to an increase of the local disorder of magnetic structure of Mn magnetic atoms.  

On the other hand, the averages of the Mn-O distances are smaller for the rhombohedral H-axis phase 
as for the hexagonal phase, that favorites the double exchange interaction and appearance of ferromagnetism. 
The Mn-O distances are the same in the MnO5 of the hexagonal phase (s.Tab.2 and Fig.1) that indicates the 
absence of the distortion, implicitly a relative low concentration of Mn3+ cations, which are associated with a 
large Jahn-Teller distortion. It supports an antiferromagnetic behavior of YMO phase, based on the Mn3+-
O2—Mn3+ interaction.  The chemical composition of the rhombohedral H-axis phase probably slight differs 
from those of the hexagonal phase, concerning the oxygen and large rare earth cations contents. 

CONCLUSIONS 

The increase of the K concentration in the samples leads to a small variation of the rhombohedral/ 
hexagonal phases concentration. The lattice constants of YbMnO3 (hexagonal phase) change with the K 
concentration in the samples, probably due to a small variation of the chemical composition, on the way of 
Yb substitution with a small amount of La and/or K in YbMnO3. This hypothesis is sustained by the 
observed increasing unit cell volume and deformation degree of YbO8 polyhedrons. We proposed a 
mechanism which explain the magnetic behaviour of the samples, on the basis of the variation of Mn-O 
distances and chemical disorder with the K concentration.  The Curie temperatures of the rhombohedral 
phase are very high (310 – 350 K), comparable with the best similar data from the literature that constitutes a 
good premise for a magnetoresistive material.  
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