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Results on synthesis, structural investigations and the morphology of complex perovskites of general formula 
PrCo1–xCrxO3 (with x = 0, 0.33, 0.5, 0.67 and 1) are presented. The synthesis of the perovskites within this series was 
performed by solution combustion method using two different fuels: urea and glycine. The annealed samples were 
identified using X-ray powder diffraction. The purity of the compounds obtained using glycine as a fuel was better 
and for further investigations perovskites obtained with this fuel were used. The crystal structure was refined by 
the Rietveld method, and the morphology of the particles was investigated using SEM. All compounds within the 
series crystallize in Pnma space group (Z = 4). The effect of the substitution of Co3+ ion with Cr3+ was investigated 
by analyzing different crystallochemical parameters (bond-lengths and tilt angels of the coordination octahedra, 
global instability index etc). A very interesting trend in changes of the structural distortion and global stability of the 
compounds in respect to x e.g. substitution of Co3+ with Cr3+ was found.
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INTRODUCTION

Within the field of material science one of the 
most interesting groups of compounds belongs to 
perovskite structural type. Perovskite structure en-
compasses compounds with general formula ABX3,
where A and B are cations and X is an anion. In the 
ideal perovskite structure the B-cation is coordinat-
ed by six anions in almost regular octahedron. The 
BX6 octahedra are sharing same corners thus form-
ing three-dimensional network of octahedral chains. 
The cavities formed by the octahedra are filled by 
A-cations which are cubooctahedrally coordinated 
by the anions. This kind of arrangement leads to cu-
bic (Pm3m) structure [1, 2]. An important feature of 
perovskite structure is possible rotation (for small 
angle) of the BX6 octahedra, while still retaining 
the chain-like connectivity. As a result, the sym-
metry of the structure is lowered to orthorhombic, 
monoclinic, hexagonal, etc. This structural flex-

ibility enables including almost all elements from 
the periodic table in the perovskite structure. So, 
there is great number of possible combinations of 
different cations in A and B positions, but also dif-
ferent anions in the X-position may be found, such 
as oxygen, halogen ions, cyanide group etc. Among 
these anions the most common are perovskites with 
oxide anion. Another important feature of the per-
ovskite structure is the possibility for multiple sub-
stitutions in the positions of the cations, thus form-
ing so-called complex perovskites. This possibility 
drastically enlarges the number of compounds with 
perovskite structure.

Depending on the nature of A and B cations 
and particular crystal structure, the physical and 
chemical properties of perovskites may vary in a 
wide range. Namely, in this group of compounds 
different physical and chemical properties emerge, 
namely: pyroelectricity, piezoelectricity, colossal 
magnetoresistance, catalytic activity, ferromagnet-
ism, superconductivity etc. [1, 3]. From this point 
of view the perovskites containing cobalt ion in the 
B-position are intensively studied. Namely, cobalt-
perovskites (RCoO3) exhibit interesting properties 
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such as high electronic conductivity [4], metal to 
insulator transition with increasing temperature [5], 
significant catalytic activity [3], specific magnetic 

tightly connected with some characteristics of cobalt 
ions such as the possibility to change the oxidation 
state (Co4+, Co3+, Co2+) and also the possibility of 
altering the spin state of the Co3+ ion [7, 9, 10]. The 
change of the oxidation state of cobalt ion is usually 
triggered by substitutions in A or B positions (as in 
R1–xSrxCoO3) [11]. The spin state of the cobalt ion in 
compounds with rare earth metal in A-position has 
been a subject of investigation in a large number of 

3+ ion 
may change from low spin (LS) with t2g

6 electron con-
figuration, intermediate spin state (IS) with one elec-
tron in eg-orbital (t2g

5eg
1) or high spin state (HS) with 

configuration t2g
4eg

2. It is expected that compounds 
with IS and HS state of the Co3+ ion to encounter 
Jahn-Teller distortion of the CoO6 octahedra. At 
room temperature in most of the RCoO3 perovskites 
(R is rare earth) Co3+ is in LS state. It is found that 
at room temperature the amount of IS Co3+ ions is 
the highest in LaCoO3, while it is smaller in PrCoO3
[10] Actually, with decreasing of the ionic radii of 
R3+ in the RCoO3 series, the amount of the LS state 
of Co3+ ions is increasing [10, 16].

Continuing our investigation on different per-
ovskites with cobalt ion [17, 18], in this work we 
present the synthesis of the perovskite series of 
general formula PrCo1–xCrxO3 (with x = 0, 0.33, 
0.5, 0.67 and 1), the investigations of their crys-
tal structure and some important crystallographic 
characteristics connected with the substitution of 
the cations in B position.

end members of the series (PrCoO3 and PrCrO3),
any data about the solid solution between these two 
compounds have not been found yet. The literature 
data shows that PrCoO3 and PrCrO3 may be syn-
thesized by different methods such as: solid stated 
synthesis [7, 19, 20], decomposition of citrate pre-

-
ture synthesis [30] and hydrothermal synthesis [30]. 
In this work the synthesis of Pr-perovskites by solu-
tion combustion method using two fuels – glycine 
and urea is presented.

It should be pointed out that the crystal struc-
tures of the end members of the series presented in 
this paper are already known. According to some 
literature data PrCoO3 is cubic [19, 21, 24], but ac-
cording to some others, it is orthorhombic [7, 8, 10, 
11, 20, 22]. Some more detailed structural analy-
sis of PrCoO3 by XRD and neutron diffraction [11, 
22] point out also that this compound crystallizes in 
the orthorhombic system (space group Pnma). The 

crystal structure of PrCrO3 was also reported [20, 26, 
30, 31] as orthorhombic, space group Pnma. Taking 
these findings into consideration, it is expected that 
the new-synthesized complex perovskites of cobalt 
and chromium should crystallize in the orthorhom-
bic system. Also, it is expected that the substitution 
of Co3+ (r(Co3+) = 0.545 Å, LS) with chromium Cr3+

ion, which has slightly bigger ionic radii (r(Cr3+) = 
0.615 Å), would increase the lattice parameters and, 
consequently, the volume of the unit cell. In order 
to analyze the influence of substitution of Co3+ with 
Cr3+ on the crystal structure, the synthesized com-
pounds were characterized by XRD and their crys-
tal structure and several crystallographic parameters 
were calculated and compared. The morphology of 
the studied samples was also investigated by scan-
ning electron microscopy (SEM). 

EXPERIMENTAL

Synthesis

The synthesis of the PrCo1–xCrxO3 perovskites 
was performed by solution combustion method. For 
this purpose, nitrates of the constituting metals were 
used as starting materials. Calculated amounts of 
metal nitrates (Pr(NO3)3·6H2O, Co(NO3)2·6H2O and 
Cr(NO3)3·9H2O) were dissolved in small amount of 
distilled water. The obtained solutions were thor-
oughly mixed on a stirrer. These solutions were used 
as starting mixtures in the combustion synthesis. The 
combustion syntheses were performed using two fu-
els: urea (CO(NH2)2) or glycine (NH2CH2COOH).
The amounts of the fuels were calculated on the ba-
sis of propellant chemistry and were set to 1 [32]. 
The composition of the solutions varied according 
to the formula of the synthesized perovskite.

The synthesis of the perovskites using urea as 
a fuel was performed in the following manner: ap-
propriate quantity of urea was dissolved in small 
amount of diluted nitric acid (1:1) and this solution 
was added to the particular mixture containing metal 
nitrates. After the homogenization of the solution it 
was transferred in muffle furnace. The mixture was 
slowly heated to temperature of ~500 °C. After the 
evaporation of water a vigorous combustion reac-
tion started. In a very short time spongy powders 
were formed. Resulting materials were hand milled, 
transferred to ceramic dish and subjected to addi-
tional heating for 6 hours at 800 °C.

The procedure using glycine as a fuel was just 
a little bit different. Glycine was dissolved in small 
amount of distilled water and this solution was 
added to pre-prepared mixture of metal nitrates so-
lutions. The obtained mixture was heated at 80 °C 
under constant stirring. After the evaporation of 
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the water and gelatinization of the solution the ves-
sel was transferred on a hot plate preheated above 
300 °C. The gel boiled and after the evaporation of 
remaining water an initialization and combustion 
of the mixtures started. As a result, black (only in 
case of PrCrO3 the product was green) spongy pow-
ders were formed. As-prepared samples were hand 
milled and calcined at 800 °C for 6 hours (2h and 
additional 4h).

XRD

The resulting powders were analyzed by X-ray 
diffraction. The XRD patterns were recorded on 
Bruker D8 Advance with Cu  radiation and SolX 

-
perature with step-scanning of 0.02°. The crystal 
structures were refined by the method of Rietveld 
using the Fullprof program [33].

SEM

The microstructure of the obtained compounds 
was investigated by SEM. Field-Emission FE-SEM 
Zeiss ULTRA PLUS microscope using accelerat-
ing voltage of 2kV was used. The samples were put 
onto graphite tape and were not gold sputtered prior 
to the microscopy. Images were taken using In-lens 
and/or standard Evernhart-Thornley secondary elec-
tron (SE) detectors.

RESULTS AND DISCUSSION

As was mentioned in the experimental part, the 
solid solutions PrCo1–xCrxO3 (x = 0, 0.33, 0.5, 0.67 

and 1) were synthesized using both urea and gly-
cine as a fuel. The recorded XRD patterns of the 
samples showed that in both cases perovskite com-
pounds with same structure were obtained but the 
samples prepared using glycine as a fuel, were of 
better purity. This is illustrated by the XRD pat-
terns (Fig. 1) for one of the members of the series 
(PrCo0.5Cr0.5O3).

The XRD pattern on Figure 1a corresponds to 
PrCo0.5Cr0.5O3 synthesized using urea and the others 
(Figs. 1b-d) using glycine as a fuel. Some impuri-
ties of Co3O4 could be detected in the compound 
obtained via urea (Fig. 1a), which are not present 
in the compound obtained at same temperature but 
via glycine (Fig. 1d). It should be mentioned that in 
the case of PrCo0.5Cr0.5O3 the formation of the per-
ovskite phase began right after the combustion of 
the initial mixture (as-synthesized sample, Fig. 1b) 
but by further heating on 800 °C a better crystallin-
ity was obtained (Fig. 1b–d). Since the purity of the 
samples obtained using glycine was better than that 
using urea, the further investigations and discussion 
of the results were carried out on the samples syn-
thesized by glycine. 

The XRD patterns of the perovskite series 
PrCo1–xCrxO3 (x = 0, 0.33, 0.5, 0.67 and 1) obtained 
by the same synthetic route (heated 4 h on 800 °C) 
are presented on Figure 2. 

As expected, the obtained compounds are iso-
structural and with perovskite structure. Namely, 
the obtained XRD patterns of the end members of 
the series, PrCoO3 and PrCrO3, are in accordance 
with the literature data [8, 22, 34]. Complex per-
ovskites within the series show gradual shifting 
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Fig. 1. XRD patterns of PrCo0.5Cr0.5O3
obtained using (a) urea (heat treated for 
6h at 800 °C), (b) glycine (as-synthesized) 
(c) glycine (after heat treatment for 2h at 
800 °C), (d) glycine (after additional heat 
treatment for 4h at 800 °C)
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Fig. 2. XRD patterns of (a) PrCoO3,
(b) PrCo0.67Cr0.33O3, (c) PrCo0.5Cr0.5O3,
(d) PrCo0.67Cr0.33O3, (e) PrCrO3

Table 1. ap calculated using the equation ap = (V/Z)1/3 where Z is 
number of atoms in assymetric unit and volume (V) of the unit cell

a/Å b/Å c/Å (b/ 2)/Å ap/Å V/Å3 ratio
PrCoO3 5.34355(8) 7.57728(10) 5.37634(8) 5.3580 3.7896 217.6857 c > b/ 2 > a
PrCo0.67Cr0.33O3 5.3834(3) 7.6139(4) 5.4027(4) 5.3838 3.8113 221.4495 c > b/ 2 a
PrCo0.5Cr0.5O3 5.4141(3) 7.6502(7) 5.4145(6) 5.4095 3.8274 224.2630 c > b/ 2
PrCo0.33Cr0.67O3 5.43702(20) 7.6750(3) 5.4292(2) 5.4270 3.8404 226.5558 a > b/ 2 > c
PrCrO3 5.47897(10) 7.71528(16) 5.45127(11) 5.4555 3.8622 230.4349 a > b/ 2 > c

with increasing of the value of x (Fig. 2), suggesting 
gradual increase of the substitution of cobalt ion. 
These results are in accordance with the expected 
changes in the XRD pattern in a case when smaller 
cation (Co3+) is substituted with bigger one (Cr3+).

As previously mentioned, the end members 
of the series, PrCoO3 and PrCrO3, have GdFeO3-
orthorhombic structure [8, 22, 34] and, accordingly, 
it was expected that all members of the series would 
be orthorhombic. The refinement of the crystal 
structures showed that all compounds crystallize in 
the orthorhombic space group Pnma, with four for-
mula units per unit cell. The unit cell parameters, 
cell volumes, as well as, the pseudo-cubic param-
eter are presented in Table 1. 

In aim to present the complete crystal structure 
of the newly synthesized members of the series, the 
Rietveld refinement approach was undertaken. The 
refinements were carried out using the structural 
model for PrCoO3 as a starting model. For the inter-
mediate structures it was assumed that the Co(III) 
and Cr(III) cations are randomly distributed in same 
crystallographic positions. The calculated and ob-

served patterns obtained by Rietveld refimenent for 
one of the compounds (PrCo0.5Cr0.5O3) is presented 
on Fig. 3 just as an example. 

The fractional atomic coordinates and the discrep-
ancy factors are presented in Table 2, and Table 3 
presents selected distances and angles as well as the 
distortions of the coordination polyhedrons. 

The values of the unit cell parameters of the end 
members of this series are in good agreement with 
the literature data [8, 22, 34]. Analyzing the changes 
of the unit cell parameters throughout the series and 
the relations between them, some interesting facts 
have arisen. Namely, as expected, the substitution of 
smaller Co3+ with slightly bigger Cr3+ increases the 
unit cell parameters, cell volumes, and the pseudo-
cubic parameter ap (Table 1). However, it is interest-
ing to note the changes in the relationship between a
and c parameters. As may be noticed from Figure 4, 
this relationship changes from c > a (PrCoO3 and 
PrCo0.67Cr0.33O3) through c a (PrCo0.5Cr0.5O3) to 
c < a (PrCo0.33Cr0.67O3 and PrCrO3).

Obviously, in PrCo1–xCrxO3 series the decrease 
of the ionic radii of B-cation (from r(Cr3+) = 0.615 Å 
to r(Co3+) = 0.545 Å) leads toward change in the 
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Fig. 3. Observed and calculated 
XRD patterns for PrCo0.5Cr0.5O3
as well as their difference plot 
obtained by Rietveld refinement

Table 2. Fractional atomic coordinates and discrepancy factors for PrCo1–xCrxO3 solid solution

Atoms Param. PrCoO3 PrCo0.67Cr0.33O3 PrCo0.5Cr0.5O3 PrCo0.33Cr0.67O3 PrCrO3

Pr

x
y
z
B

0.02913(13)
0.25
0.9954(5)
0.33(2)

0.02964(15)
0.25
0.9955(6)
0.29(3)

0.03142(13)
0.25
0.9940(5)
0.25(2)

0.03306(10)
0.25
0.9947(4)
0.292(19)

0.03545(8)
0.25
0.9927(2)
0.390(14)

Co/Cr B 0.06(3) 0.18(4) 0.06(3) 0.12(3) 0.22(2)

O1

x
y
z
B

0.4947(15)
0.25
0.060(2)
1.9(4)

0.4893(16)
0.25
0.054(3)
0.2(6)

0.4864(15)
0.25
0.060(3)
0.6(7)

0.4897(14)
0.25
0.072(4)
0.9(6)

0.4869(10)
0.25
0.0643(18)
0.9(3)

O2

x
y
z
B

0.274(2)
0.0388(14)
0.7138(19)
0.9(3)

0.282(3)
0.0420(17)
0.700(3)
1.8(3)

0.288(3)
0.0353(16)
0.701(3)
0.9(3)

0.294(2)
0.0364(14)
0.7086(19)
0.9(3)

0.2905(13)
0.0428(10)
0.7101(13)
1.04(16)

R
I

Rp/%
Rwp/%
Rexp/%

2

RB/%

14.6
10.7
9.45
1.28
3.09

13.8
11.9
9.50
1.56
2.33

11.3
10.4
8.98
1.34
1.88

10.3
9.86
8.50
1.35
2.14

7.74
8.66
7.72
1.26
1.68

relationship of the unit cell parameters from a < c to 
c > a. This a/c relationship points out to the reasons 
for distortion of perovskite structure. Namely, it is 
known that the transition from cubic to orthorhom-
bic structure (Pnma) due to the tilting of the octa-
hedra leads to unit cell with c < a. The inverse re-
lationship, a < c is characteristic for perovskites in 
which additional distortion of the BO6 octahedrons 
appears [10]. It this series, the additional distortion 
appears in cases when the content of Co3+ prevails 

that of Cr3+, such as in PrCo0.67Cr0.33O3. This ad-
ditional octahedral distortion may also be noticed 
from the comparison of a, b c (Table 1). It 
is interesting to point out that only in PrCrO3 and 
PrCo0.33Cr0.67O3 the relation between these parame-
ters is a > b c as in the O-type perovskites. In this 
type of perovskites the octahedral tilting is primarily 
the only distortional mechanism and the lattice dis-
tortion is small. In PrCo0.5Cr0.5O3 a and c parameters 
are almost identical, c > b

S. Dimitrovska-Lazova et al.: Synthesis and structural details of perovskites within the series PrCo1–xCrxO3 ...



42

is orthorhombic with pseudo-tetragonal unit cell. In 
the last two members (PrCoO3 and PrCo0.67Cr0.33O3)
the ratio between the unit cell parameters changes to 
c > b a, which also highlights some additional 
distortion of the octahedra. It is interesting to com-
pare these results with structural changes in RCoO3
(R = lantanide) series [7, 22], where the change in 
the mutual relationship between a and c parameters 
(from a > c to c > a) is driven by the increasing of 
the ionic radii of A-cation. This change ends with 
change in symmetry from orthorhombic to rombo-
hedral (at LaCoO3).

Taking into consideration these changes in the unit 
cell parameters relationship due to the Co3+/Cr3+ sub-

stitution an additional crystallochemical calculations 
were done. Also, it seemed interesting to examine the 
possibility of changes in morphology and dimensions 
of the crystals obtained by Co3+/Cr3+ substitution in 
the perovskite structure.

The distortion of the octahedra may be pa-
rameterized by the bond-length distortion of the 

6
ri r)/r]/n · 103 (Table 3). As was pointed out 

6 values for PrCoO3
and PrCo0.67Cr0.33O3 are higher and are empha-
sizing an increased distortion of the octahedra. 

6 is found in PrCo0.67Cr0.33O3 and 
throughout the complex perovskites in the series, 
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Table 3. Values of Pr-O and B-O distances, average <Pr-O> distances in twelve coordinated praseodymium 
and average distance in BO6 12 10 6, B-O1-B and B-O2-B angles

PrCoO3 PrCo0.67Cr0.33O3 PrCo0.5Cr0.5O3 PrCo0.33Cr0.67O3 PrCrO3

Pr-O1

2.877(8)
2.512(8)
2.992(11)
2.397(11)

2.926(9)
2.495(9)
2.977(16)
2.444(16)

2.972(8)
2.489(8)
3.010(16)
2.427(16)

2.984(8)
2.518(8)
3.09(2)
2.36(2)

3.031(6)
2.504(6)
3.048(10)
2.430(10)

Pr-O2 x 2

2.562(11)
2.384(11)
3.140(11)
2.697(11)

2.627(15)
2.324(15)
3.235(15)
2.682(14)

2.673(15)
2.356(14)
3.238(15)
2.641(14)

2.667(11)
2.365(11)
3.254(11)
2.658(11)

2.623(7)
2.362(7)
3.304(7)
2.723(8)

<Pr-O>12 2.6953 2.7148 2.7262 2.7367 2.7531
12 9.9624 12.429 12.39 13.46 14.06
10 5.7991 6.5998 6.917 8.18 7.885

B-O1 x 1 1.9218(18) 1.927(2) 1.941(3) 1.959(4) 1.9617(18)

B-O2 x2 1.885(11)
1.978(10)

1.891(16)
2.026(16)

1.921(16)
2.003(16)

1.979(11)
1.958(11)

1.988(7)
1.981(7)

<B-O> 1.9283 1.948 1.955 1.9653 1.9769
6 0.3933 0.8586 0.3189 0.0242 0.0316

B-O1-B 160.6 162.24 160.24 156.74 158.98
B-O2-B 157.8 153.6 154.7 154.7 153.6

Fig. 4. The change of the relation 
between the unit cell parameters 
a and c in PrCo1–xCrxO3 with 
increasing of x (x = 0, 0.33, 0.5, 
0.67 and 1)
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6 is decreasing. Analyzing the values of the 
particular B-O distances, two facts may be no-
ticed. Firstly, the distances between the B cation 
and the O1 anions are increasing from PrCoO3 to 
PrCrO3. This trend is the same for B-O2 distances, 
although not so regular. More careful examina-
tion of the values of these distances shows that at 
the beginning of the series the first from the two 
B-O2 distances is longer, while at the end of the 
series (at PrCrO3) the second one is shorter than 
the first one. Bearing in mind that the B-O2 dis-
tances are along a and c axes the interchange of 
these distances is in accordance with the change 
of the a/c relationship.

Contrary to the direction of the changes in bond-
length distortion of the BO6 polyhedra, the distor-
tion of the coordination polyhedra of the A cation 
is increasing with increasing of the amount of chro-
mium ion e.g. with increasing of x (Table 3). The 
average <Pr-O>12 distances for twelve coordinat-
ed Pr are increasing from 2.6953 Å in PrCoO3 to 
2.7531 Å at PrCrO3. This change influences the co-
ordination around Pr-cation. Namely, starting from 
PrCo0.67Cr0.33O3 two of the Pr-O2 distances are too 
long to be encountered as a part of the coordination 
of Pr3+, and probably the coordination number of 
praseodymium changes to 10. This change in the co-
ordination of praseodymium is expressed in high val-

12. More precisely, 
these values are significantly higher than the values 

10 in all compounds except in PrCoO3, suggest-
ing change in coordination sphere from 12 to 10.

The deviation from the ideal cubic perovskite 
structure may be also described by the observed so 
called tolerance factor, to [35]. This factor represents 
the ratio between the average <Pr-O>12 and <B-O>6
distances and is calculated by the equation: to = <Pr-
O>12 6. The observed tolerance factor is 
related with the degree of the octahedral tilting. 
The values close or equal to 1 corresponds to the 
structures without tilting of the octahedra [36]. In 
order to check the trend of changes of the observed 

tolerance factors in relation with tilting within this 
perovskite series, the tilt angles ,  and were
calculated (Table 4). 

These tilt angles represents the rotation of the 
octahedra around [110]p, [001]p and [111]p pseudo-
cubic axes and are calculated using the fractional 
atomic coordinates [2]. It may be noticed that in 
the structure of PrCoO3 the value of to (calculated
assuming coordination number 12 for A cation, 
to(12), and 10 to(10)) is closer to 1 and this compound 
has the smallest tilt angles. The values of to are in-
creasing throughout the series, with increasing of 
x, and also the tilting of the octahedra is more pro-
nounced ( ,  and Table 4). These results are 
also in accordance with the values of the tilt angles 
calculated on the bases of the experimental B-O1-B 
and B-O2-B angles, using the formula 
<B-O1,2-B>)/2, where <B-O1,2-B> is the average 
value of B-O1,2-B angles (Table 4). Obviously, in 
complex perovskites, the tilt angles of the octahedra 
are increasing with increasing of x, e.g. of the sub-
stitution of Co3+ with Cr3+. These values suggest that 
the overlap of the oxygen orbitals with the orbit-
als of the B cation is smaller. Namely, as this angle 
deviates more from 180° smaller orbital overlap is 
achieved [11]. 

In order to evaluate the overall distortion of the 
perovskite structure in the series, additional distor-
tion parameters were also calculated: orthorhombic 
distortion, spontaneous strain (s), d-cell distortion 
(Table 4). These parameters are calculated using 
the unit cell parameters and they pointed out to 
the change in the type of the distortion. It may be 
concluded that these values are diminishing from 
PrCoO3 to PrCo0.5Cr0.5O3, (the smallest value) and 
then they start rising again.

According to the previous discussion it may be 
concluded that there are two types of distortions in 
the structures of the members of this perovskite se-
ries. In PrCoO3 and PrCo0.67Cr0.33O3, in which the 
content of Co3+ prevails the content of Cr3+, the oc-
tahedra are more distorted in respect to the bond 

Table 4. Change of values of several crystallographic parameters throughout the series. Calculated parameters are: 
orthorhombic distortion [35], spontaneous strain (s) [2], d-cell distortion [7], Global Instability index (GII) [2], 
observed tolerance factors to(12) and to(10) [2], tilt angles calculated using fractional atomic coordinates [2] and tilt 
angle obtained from B-O1,2-B angles

Orthorhombic
distortion

Spontaneous
strain (s)

d-cell
distortion GII to(12) to(10)

Tilt angles
*

PrCoO3 0.0171 –0.0061 0.0626 0.2112 0.9884 0.9558 9.700 7.012 11.950 10.4
PrCo0.67Cr0.33O3 0.0112 –0.0036 0.0279 0.2225 0.9855 0.9477 8.879 9.538 13.004 11.04
PrCo0.5Cr0.5O3 0.0072 –7.4 · 10–5 0.0018 0.1967 0.9860 0.9490 9.880 9.948 13.985 11.265
PrCo0.33Cr0.67O3 0.0963 0.0014 0.0062 0.1812 0.9846 0.9474 11.630 9.697 15.099 12.14
PrCrO3 0.2341 0.0051 0.0497 0.0762 0.9847 0.9453 10.509 9.136 13.891 11.855
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lengths. This leads to bigger instability and stress in 
the structure, which are expressed in the high val-
ues of GII (global instability index, Table 4). These 
high values (> 0.2 valence units) of GII, point out to 
big strain in these structures. This type of distortion 
may be connected with possible existence of Co3+

ion in intermediate spin (IS) state. Namely, the IS 
would increase the deformation of the octahedra as 
a result of appearance of Jahn-Teller distortion. 

In PrCo0.33Cr0.57O3 and PrCrO3, in which the con-
tent of Cr3+ prevails the content of Co3+ the distor-
tion is mainly due to the rotation of the octahedra, 
while the bond-lengths distortion of the octahedra 
is significantly smaller. The most stable structure is 
that of PrCo0.5Cr0.5O3. It seems that the effects of the 

bond-lengths distortion and tilting of the octahedral 
act in opposite directions in this perovskite series, 
leading to stabilization of the structure. 

In aim to check the influence of these structural 
changes due to partial substitution of the cations in 
B-position, on their morphology, SEM images of 
the perovskites of this series were recorded. Figure 5 
shows the SEM micrographs of PrCo1–xCrxO3pow       ders 
obtained by heat treatment at 800 °C for 4 hours. 

The images show single perovskite phases with 
appropriate nanosize crystallinity. The porous struc-
ture implies the outflow of gases produced by de-
composition of nitrates and combustion of glycine. 
As can be seen, the morphology of the compounds 
within the series is very similar. 

Fig. 5. SEM images of a) PrCoO3;  
b) PrCo0.67Cr0.33O3; c) PrCo0.5Cr0.5O3;
d) PrCo0.33Cr0.67O3 and e) PrCrO3
obtained by same synthetic procedure



45

CONCLUSION

The perovskites within the series PrCo1–xCrxO3
were obtained by solution combustion method 
using urea or glycine as a fuel. The purity of the 
samples obtained using glycine was better than that 
using urea, so the further investigations were car-
ried out on the samples synthesized by glycine. The 
Rietveld refinement of the crystal structures showed 
that all compounds within this series crystallize in 
the orthorhombic space group Pnma with four for-
mula units per unit cell. 

In aim to study the influence of Co3+/Cr3+ substi-
tution on the perovskite structure, several crystallo-
chemical parameters were calculated. The detailed 
analysis of structural changes due to substitution of 
Co3+ with Cr3+ revealed some interesting features. 
Thus, it was concluded that in perovskites where the 
content of Co3+ prevails that of Cr3+ (PrCoO3 and 
PrCo0.67Cr0.33O3), except the distortion due to octahe-
dral tilting the octahedral distortion in respect to the 
bond lengths is also significant. This leads to bigger 
instability and stress in the structure, which are ex-
pressed in the high values of GII. In PrCo0.33Cr0.57O3
and PrCrO3, in which the content of Cr3+ prevails 
the content of Co3+ the distortion is mainly due to 
the octahedral tilting. The most stable structure is 
that of PrCo0.5Cr0.5O3.
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