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Abstract. With a view to understand the influence of chromium doping at Mn
site on electrical and elastic behavior of Nd0.5 Sr0.5 MnO3 manganite system, a
series of samples were prepared by the citrate sol–gel route method. The samples were characterized structurally by XRD and FTIR. The morphology of the
samples was studied using scanning electronic microscope. A systematic investigation of electrical resistivity over a temperature range 4–300 K was carried
out mainly to understand their magneto transport behavior in these materials.
Except parent compound all the samples are found to have insulator to metal
transitions. Later, the ultrasonic longitudinal (Vl ) and shear wave (Vs ) velocities
were measured by the pulse transmission technique. Using the longitudinal (Vl )
and shear (Vs ) velocities, the elastic moduli were calculated. As the materials
are porous, zero porous elastic moduli have been computed using Hasselmann
and Fulrath model. It is observed that the elastic moduli of samples are found to
increase continuously with increasing the concentration of the doping element
and the observed variation of elastic moduli has been explained qualitatively.
K EY WORDS : CMR materials; Resistivity; Ultrasonic Velocity; Elastic moduli.

1

Introduction

Colossal magneto resistance (CMR) is a property of some materials, mostly
manganese-based perovskite oxides, that enables them to dramatically change
their electrical resistance in the presence of a magnetic field. Thus CMR materials attracted research community due to their interesting and effective behavior
exhibited by them in structural, magnetic and electrical transport properties and
their potential applications in memory devices [1–3]. The charge-ordered phase
in half-doped manganites, with compositions, RE0.5 A0.5 MnO3 (RE = La, Pr,
Sm, and Nd; A = Sr and Ca) exhibits a variety of phenomena such as charge,
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orbital, and spin ordering, along with electric and magnetic field induced transitions [4, 5]. Moreover, the charge ordered (CO)/orbital ordered (OO) and antiferromagnetic insulating (AFMI) phases can be modify effectively by doping at
Mn site. In fact, Mn site substitutions with Cr in manganites have attracted great
attention as Cr3+ ion is iso-electronic with Mn4+ ion. Magnetic impurities such
as Cr and Ru can induce both metallicity and ferromagnetism in the insulating
antiferromagnetic Nd0.5 A0.5 MnO3 (A = Ca,Sr) [6, 7].
Further, large stresses can be developed in ceramic perovskites when they subjected to a high magnetic/electric field. Therefore, it is always useful to have a
general idea of elastic moduli values that represent mechanical strength, fracture
toughness and thermal shock resistance [8]. The velocity of longitudinal and
transverse elastic waves thus produced is a characteristic feature of the solid.
The most conventional technique for determination of elastic constants is the ultrasonic pulse transmission technique [9]. In view of this, electrical and elastic
properties have been undertaken on Cr doped Nd0.5 Sr0.5 Mn1−x Crx O3 (x = 0,
0.1, 0.2, 0.3 & 0.4) system.
2

Experimental Details

Polycrystalline Nd0.5 Sr0.5 Mn1−x Crx O3 (x = 0, 0.1, 0.2, 0.3 & 0.4) samples
were prepared by the sol–gel method [10] using pure metal nitrates as the starting materials (99.99% pure). The compositions of the samples are hereafter
designated as NSMCO-0, NSMCO-1, NSMCO-2, NSMCO-3 and NSMCO-4,
respectively. The powders were calcined at 1100◦ C for 8 h followed by sintering at 1300◦ C for 4 h in air. The structural characterization was carried out
by powder X-ray diffraction (XRD) using Phillips expert diffractometer at room
temperature in the 2θ range of 20–80◦ . The bulk densities of all the samples are
measured using immersion method. By using bulk densities and X-ray densities,
the porosity values has been calculated. The temperature vs resistivity measurements are undertaken using four probe method in the temperature range 4 K –
300 K.
The longitudinal and shear wave velocity measurements were also undertaken
by using ultrasonic pulse transmission technique [11]. For this purpose, a pulse
generator RPR-4000 (RITEC INC., USA) has been used. The pulse oscillator
will generate RF pulses and a transmitting transducer then convert these pulses
into acoustic pulses. These pulses in turn, after propagating through the test
sample, which is in disc shape with thickness of ∼ 2.5 mm and with diameter
of 10 mm, are converted into electrical signals by the receiving transducer. The
amplified output signal was then displayed on a storage oscilloscope. Ultrasonic
pulses were generated and detected by using X- and Y-cut (for longitudinal and
shear waves respectively) 1 MHz quartz transducers. The transmission time of
the ultra sound was measured up to an accuracy of 1 µs using a 100 MHz digital
storage oscilloscope (Tektronix model: TDS2012C). The overall accuracy of
these measurements is about 0.25% in velocity and about 0.5% in elastic moduli.
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3

Results and Discussions

3.1
3.1.1

Structural characterization
X-Ray diffraction

XRD studies were used for the structural investigation of the samples and the
powder diffraction patterns of the samples are shown in Figure 1(a). A systematic analysis of the XRD data clearly reveals that all the samples are having single phase without any detectable impurity. Rietveld refinement technique [12, 13] was used to analyze the XRD data by assuming orthorhombic
structure (Pnma space group). The Rietveld refinement fitted graph of NSMO-0

Figure 1. (a) XRD patters of Cr doped Nd0.5 Sr0.5 MnO3 system; (b) Reitveld refined
XRD pattern of NSMCO-0 sample. Circles indicate experimental points while red line
indicates refined data and the green line indicates difference between experimental and
refined data.
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Table 1. Crystallographic data of Cr doped Nd0.5 Sr0.5 MnO3 system
Parameter

NSMCO-0

NSMCO-1

a (Å)
b (Å)
c (Å)
RP (%)
RWP (%)
REXP (%)
Goodness of fit (S)

5.4301
7.6382
5.4622
15.13
19.32
18.78
1.03

5.4285
7.6425
5.4628
15.07
19.46
18.52
1.05

Sample code
NSMCO-2 NSMCO-3
5.4292
7.6365
5.4615
15.06
19.50
18.78
1.04

5.4300
7.6450
5.4622
13.97
18.61
18.11
1.03

NSMCO-4
5.4296
7.6385
5.4630
14.25
18.25
18.16
1.03

sample is shown as a representative of the samples in Figure 1(b). The fitted
parameters of all the samples of the present investigation are given in Table 1.
It can be seen from the table that there is no systematic variation in the lattice
parameters with the Cr doping and the same behavior was reported earlier [14].
This may be attributed to the fact that there is a little difference between the ionic
radii of Cr3+ and Mn3+ [15].
3.1.2

Scanning electron microscopy

The micro structural investigation of all the samples of the present investigation
was carried out using a Scanning Electron Microscope and the micrographs of
the samples are shown in Figure 2. From the micrographs it is clearly shown
that the grain sizes of parent compound NSMCO-0 are in the range of 500 nm –
1 µm. It can also be seen from the micrographs that the shape of the grains of
parent compound is not having any particular pattern. It is interesting to note that

(a)

(b)

(c)
Figure 2. SEM images of:
(a) NSMCO-0;
(b) NSMCO-1;
(c) NSMCO-2;
(d) NSMCO-3; and
(e) NSMCO-4 samples.

(d)
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(e)
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with increasing Chromium content, the grain size is also increased. Moreover
for the samples NSMCO-2 and NSMCO-4, the grains are found to have circular
shape.
3.1.3

FTIR spectra

The chemistry for the formation any perovskite materials can be explained by
studying the FTIR transmission spectra. The FTIR transmission spectra of Cr
doped NSMO samples are presented in Figure 3. The absorption band around

(a)

(b)

(c)

(d)

Figure 3. FTIR vibration spectrum of Cr
doped Nd0.5 Sr0.5 MnO3 system.

(e)
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varying from 597 cm−1 to 613 cm−1 corresponds to stretching of the metal–
oxygen bond in the perovskite, which involves the internal motion of a change in
Mn–O–Mn bond length in MnO6 octahedral. The broad absorption peak around
3450 cm−1 is the characteristic of absorbed water or hydroxyl group in the alcohol. A band around 1020 cm−1 reveals the formation of CH3 -CH3 -, CH3 -NH2 -,
CH3 O- bands when the polymerization takes place with metal nitrate, citric acid,
and ethylene glycol. This band at 1020 cm−1 can also be attributed to the C–C–
O structure of ethylene glycol which was used in the polymerization process.

(a)

(b)

(c)

(d)

Figure 4. Resistivity vs. temperature plots
of Cr doped Nd0.5 Sr0.5 MnO3 system.

(e)
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3.2

Electrical behavior

To understand the variation of electrical resistivity with temperature and the
varying dopent concentration, resistivity measurements of the samples were undertaken in the temperature range 4–300 K and the results of those measurements are presented in Figure 4. It can be seen from the figure that the resistivity values of un doped sample is found to increase with decreasing temperature without having any transition exhibiting an insulating behavior throughout
the temperature region of the investigation. This behavior of un doped sample is consistent with earlier reports [14]. In contrast, the resistivity values
of chromium-doped samples are increasing with decreasing temperature up to
∼ 126 K exhibiting an insulating behavior. On further decrease of temperature,
the resistivity values of Chromium doped samples after reaching a maximum
are found to decrease indicating a metallic behavior. Thus exhibiting a metallic
nature along with an upturn in the electrical properties is an interesting phenomenon exhibited by the doped samples of the present investigation. The TP
values of all the samples obtained from the resistivity versus temperature plots
are found to decrease from 126 K to 85 K (Table 2) with increasing Cr content
and the observed behavior may be explained as follows.
The transport properties of a manganite system may be explained on the basis
of the electronic structure of the doping element, chromium. The ionic radii of
Cr3+ , Mn3+ , and Mn4+ are 0.615, 0.645 and 0.530 Å respectively. As the ionic
radius of Cr3+ and Mn3+ ions is nearly same, the doped Cr3+ ions can easily
replace Mn3+ . Further, just as that Mn3+ and Mn4+ are having Ferro magnetic
double exchange (FMDE) interaction, Cr3+ is also having similar FMDE interaction with Mn4+ and electronic configuration (t2g 3) as that of Mn4+ . By
doping with Cr ions, the Mn3+ /Mn4+ ratio decreases and it is also known that
Cr3+ –Mn3+ FMDE interaction is smaller than that of Mn3+ –Mn4+ . Finally, the
effective FMDE interaction becomes weaker by doping with Cr which resulting
in the gradual decrease of TP with increasing Cr concentration [13].

Table 2. Insulator to metal transition temperature, Porosity percentage and Ultrasonic
velocities of Cr doped Nd0.5 Sr0.5 MnO3 system
Sample code

TP (K)

Porosity %

Vl (m/s)

Vs (m/s)

σ

θD

(NSMCO-0)
(NSMCO-1)
(NSMCO-2)
(NSMCO-3)
(NSMCO-4)

—
126
114
99
84

14
11.7
14.57
12.55
12.86

4787
5142
5344
5571
5833

2776
2776
2884
3064
3353

0.24
0.29
0.29
0.28
0.25

457.5
454.8
461.0
491.3
537.2
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3.3

Ultrasonic velocity studies

The longitudinal (Vl ) and shear wave velocity (Vs ) values of all the samples are
presented in Table 2. The longitudinal as well as shear wave velocities are found
to increase with increasing of concentration of doping element, and the observed
behavior is in consistence with earlier reports of some other CMR materials [16]
and manganites [8]. With the help of velocity values, Poisson’s ratios (σ) of all
the samples were calculated using the well-known relation [8],
σ=

Vl2 − 2Vs2
2(Vl2 − Vs2 )

(1)

and the values are given in Table 2. Further, Poisson’s ratio values are found
to vary in the range, 0.24–0.29 for different compositions. Finally, the elastic
moduli values were also calculated using the well-known formulae [17] and the
values are given in Table 3. Except for the sample NSMCO-1, both the elastic moduli (Young’s modulus and rigid moduli) are found to increase with the
doping concentration of doping ion and the same behavior of increasing elastic
moduli with the doping concentration was observed earlier in some other CMR
materials [16, 18].
3.4

Porosity correction

The well-known ceramic technique was used to prepare the materials of present
investigation; as such they are ceramic in nature. In these types of ceramic
materials, the strength of the samples depends on the percentage of porosity [8].
While discussing about the elastic behavior of the samples, it is essential to
calculate the porosity values. With the help of bulk and X-ray densities the
porosity values of all the samples are calculated and are presented in Table 2.
The porosity percentage of all the samples is found to have in the range of 11–
14%. As all the samples are found to have porosity, it is essential to correct the
elastic moduli to zero porosity so that the moduli are having some significance
[8, 16]. For this purpose, Hasselman and Fulrath model has been used [19].

Table 3. Elastic constants of Cr doped Nd0.5 Sr0.5 MnO3 system before and after porosity
corrections
Sample
(NSMCO-0)
(NSMCO-1)
(NSMCO-2)
(NSMCO-3)
(NSMCO-4)
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Before porosity correction
E (GPa)
G (GPa)
106.39
105.00
118.00
129.12
149.35

42.90
40.70
45.74
50.44
59.74

After porosity correction
E0 (GPa)
G0 (GPa)
147.9
148.34
154.17
172.55
201.25

59.18
56.49
58.98
66.54
79.82

Influence of Chromium Doping on Electrical and Elastic Behavior of ...
This model developed on the assumption that the samples prepared by ceramic
process (sintered) contain mainly spherical type of pores. According to this
model [19], Young’s and shear wave moduli may be given by,
3(9 + 5σ)(1 − σ)
E
, where αE =
,
1 − αE P
2(7 − 5σ)
G
15(1 − σ)
G0 =
, where αG =
,
1 − αG P
(7 − 5σ)
E0 =

(2)
(3)

where EO and GO are the Young and rigidity moduli of non-porous matrix respectively, while E and G are the experimental values of Young’s and rigidity
moduli respectively, and P is porosity of the material. By using equations 2 and
3, porosity corrections have been made for the experimental elastic moduli and
the zero porous values are given in Table 3.
From Table 3, one may see that the values of young’s moduli values are found to
increase continuously. A continuous increase in the elastic moduli with increase
in doping concentration is in conformity with the behavior reported earlier in
the case of some other manganites [16, 18]. Surprisingly, this linear behavior
of increasing elastic moduli with doping concentration is missed in the case of
rigidity moduli.
3.5

Acoustic Debye temperature (θD ) values

Acoustic Debye temperature (θD ) provides useful information about the physical
properties of solids in general and CMR materials in particular. The Debye
temperatures of all the samples of the present investigation have been calculated
using Anderson’s relation [20]
h h 3NA i1/3
Vm ,
(4)
Debye temperature: θD =
k 4πVA
where h and k are Planck’s and Boltzmann’s constants respectively, NA is the
Avogadro number and VA is the mean atomic volume given by (M/ρ)/q, where
M is the molecular weight and q is the number of atoms in the formula unit and
Vm is the average sound velocity calculated using the formula [20]
h 3V 3 V 3 i1/3
l s
Mean sound velocity: Vm =
.
(5)
Vs3 + 2Vl3
The computed values of the acoustic Debye’s temperature (θD ) are given in Table 2 and are found to increase continuously with doping concentration.
4

Conclusions

1. CMR materials with compositional formula Nd0.5 Sr0.5 Mn1−x Crx O3 (x = 0,
0.1, 0.2, 0.3 & 0.4) were synthesized without any detectable impurity and there is
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no systematic variation in the lattice parameters with the Cr doping is observed.
2. The samples are found to have different grain shapes with varying size from
500 nm to few micro meters.
3. The TP values of all the samples obtained from the resistivity versus temperature plots are found to decrease from 136 K to 120 K with increasing Cr
content.
4. Ultrasonic Longitudinal and shear wave velocities are found to increase with
increasing Cr concentration.
5. The zero porous elastic moduli are found to increase continuously with increasing Cr concentration except for NSMCO-1 sample and the same behavior
observed in the case of the Acoustic Debye temperatures (θD ).
6. It is clearly observed that the mechanical strength of the samples was found
to be increased with the Cr concentration.
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