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Considerable attention has been paid to perovskite-like
manganites R1 − xAxMnO3 (where R = La, Pr, Y, etc.
and A = Ca, Sr, Ba, etc.) owing to their colossal mag-
netoresistance (CMR) and other novel properties [1–4].
In these ABO3 perovskite-like mangnites, the average
ionic radius of the A site 〈rA〉 plays a very important role
[5]. The Mn–O–Mn bond angle (deviation from 180◦)
in these compounds changes with the variation of 〈rA〉,
which affects the transfer interaction of the eg conduc-
tion electrons (holes) at Mn3+ with t3

2ge1
g configuration.

Hwang et al. [6] have systematically studied the effects
of 〈rA〉 on the Curie temperature, resistivity and CMR in
the (La1−yPry)0.7Ca0.3MnO3 and La0.7−yYyCa0.3MnO3

system by changing 〈rA〉 while keeping the Mn+3/Mn+4

ratios fixed at 7/3. They found that with decreasing 〈rA〉,
and significant MR occurs at lower temperatures with
increasing thermal hysteresis, and the magnitude of the
MR increases dramatically. Furthermore, with the de-
crease of the average ionic radius of the A site 〈rA〉, the
samples usually transit from large-bandwidth mangan-
ites to low-bandwidth manganites and the tendencies
of phase separation (PS) on ferromagnetic (FM)/metal
clusters and antiferromagnetic (AFM)/insulator clus-
ters are enhanced [7]. When a magnetic field is ap-
plied upon to samples with mixed-phase state, FM clus-
ters grow in size and volume in the AFM background,
as observed in the sample of (La1−yPry)0.7Ca0.3MnO3

by Uehara et al. 8]. This field-induced transition is
associated with a high-to-low-volume transition and
the transition should be of first order [7]. Further-
more, it is well known that the first-order-phase transi-
tion is often responsible for the large magnetostric-
tion (MS) [2]. However, the relevant report is not
adequate.

In this article, we report a large volume-
magnetostriction (VMS) of −135 × 10−6 in a magnetic
field of 1 T at 115 K in (La0.45Gd0.55) 0.67Sr0.33MnO3,
accompanied by a first-order-like ferromagnetic transi-
tion, and a CMR of −1840% in a magnetic field of 4 T
at 118 and try to discuss the origin of the VMS in this
sample.

We prepared polycrystalline samples of (La1−x

Gdx) 0.67Sr0.33MnO3 (LGSMO) with x = 0.1, 0.2, 0.3,
0.4, 0.5, 0.55, 0.6, 0.7 by conventional solid-state re-
action method. Appropriate amounts of high-purity
Nd2O3, SrCO3, Gd2O3 and Mn3O4 powders were
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mixed and presintered at 900 ◦C for 10 hr in air. Af-
ter that, they were ground, pressed into disks, then
sintered at 1250 ◦C for 50 hr in air. The resistivity
( ρ ) were measured by the standard DC four-probe
technique using a Model-6000 physical property mea-
surement system (PPMS). The MR is defined as (( ρ

H− ρ 0)/ ρ H) × 100%, where ρ H, ρ 0 are the
resistivities in the fields of H and zero, respectively.
The temperature dependence of the magnetizations of
the samples was measured by vibrating sample magne-
tometer (VSM, LakeShore). X-ray diffraction (XRD)
with the Cu Kα radiation was adopted to characterize
the structure of the samples. The MS was measured
by strain gauge attached to the samples. The VMS (ω)
and linear-magnetostriction (LMS) (λ) were calculated
from the formulas ω = λ// + 2λt and λ = λ//− λt,
where λ// and λt are the results of MS measured paral-
lel and perpendicular to the applied field.

Fig. 1 shows XRD patterns of the selected samples
with x = 0.3, 0.55, 0.7. For the x = 0.3 sample, the
phase-structure is typical of rhombohedral (R3c space
group), which is in good agreement with earlier liter-
ature [8]. Comparing (a), (b) and (c), we can see that
the diffraction peak shifts to higher 2θ angle with the
increase of x, for example, the (202) peak in Fig. 1c
shifts to higher 2θ angle in comparison with the 2θ

angle position of the (101) and (104) peak in Fig. 1a,
which indicates the decrease of the c-axis lattice con-
stant. It is because the radius of Gd3+ (∼1.11 Å) is less
than that of La3+ (∼1.22 Å), which results in the de-
crease of the average radius of A-site with the increase
of x. The shift in oxygen positions of samples is very
important in this structural phase change but this shift
is random, unlike the regular shift to higher 2θ angle
with the increase of x in Fig. 1. In the x < 0.55 region,
the structure remains rhombohedral, when x > 0.55,
it transforms to OF and we can see it is completely
orthorhombic at x = 0.7 from Fig. 1c. The transitional
region is x ∼= 0.55 and the XRD patterns of the x = 0.55
sample is shown in Fig. 1b.

The Curie temperature (Tc) as a function of Gd con-
tent is plotted in Fig. 2. Tc is obtained by measuring
the temperature-dependence of the magnetizations in
an applied field of 100 Oe. The typical temperature-
dependence of the magnetization is shown in the inset
of Fig. 2. From the Fig. 2, we can see that Tc decreases
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Figure 1 XRD patterns of (a) x = 0.3, (b) x = 0.55, and (c) x = 0.7
samples.

Figure 2 The Curie temperature (Tc) as a function of Gd content (x).
The typical temperature-dependence of the magnetization is shown in
the inset.

monotonously with the increase of the Gd content. This
is in agreement with the report by Hwang et al. [6].
Another possible cause that leads to the fluctuation of
Tc is the concentration of oxygen in LGSMO samples.
However, the fluctuation of Tc can not affect the overall
tendency in the decrease of Tc of the LGSMO samples.
The coercivities of the samples (except x = 0.7) at
115 K are all ∼70 Oe. The M–H hysteresis loops at T
= 115 K are not shown here.

The temperature-dependence of resistivity in zero
field for the x = 0.3, 0.55, 0.7 is shown in Fig. 3. The
inset is the temperature-dependences of MR. The ap-
plied magnetic field are 0.8 T and the samples were
cooled by liquid nitrogen in this low magnetic field
and zero fields. The x = 0.3, 0.55 samples both un-

Figure 3 The temperature-dependence of resistivity in zero field for the
x = 0.3, 0.55, 0.7 samples. The inset is the temperature-dependences of
MR.

Figure 4 The isotherm of resistivity for the x = 0.55 sample at 118 K.
The inset is the temperature-dependence of MR for this sample.

dergo a transition from semiconductor-like to metal in
the process of temperature-cooling with a maximum
resistivity. We define the temperature at which samples
transit from semiconductor-like to metal as Tp. But for
the x = 0.7 sample, this transition from semiconductor-
like to metal occurs below the temperature of liquid
nitrogen and can not be observed. From Fig. 3, we can
see also that with the increase of x, the resistivity at Tp

and MR effect increases dramatically and the Tp shifts
to low temperature. This phenomenon has been inter-
preted as a gradual bending of the Mn–O–Mn bond
with decreasing 〈rA〉, which causes the enhancement
of the carrier effective mass or the narrowing of the
band width (from a large-bandwidth manganite with x
= 0 to a low-bandwidth manganite with x ≥ 0.55) and
a reduction of the mobility of the electrons (holes) [6,
9]. Fig. 4 shows the isotherm of resistivity at 118 K
for the x = 0.55 sample. The inset is the temperature-
dependence of MR for the x = 0.55 sample. Liquid
helium was used to cool samples for the measurement
of MR in a higher magnetic field of 4 T. From Fig. 4, the
initial drop of resistivity both originates from extrinsic
MR effect that occurs at grain boundaries and intrin-
sic MR effect governed generally by double-exchange
(CMR). Hwang et al. [10] and Gupta et al. [11] found
that the low-field extrinsic MR effects are usually sig-
nificantly larger than the low-field intrinsic MR effects
in various magnetic oxides. With field increasing, the
magnetization is saturated and the magnetic moments
are aligned, the drop of resistivity is mainly contributed
by CMR. From Fig. 4, the drop of resistivity is not com-
pletely saturated up to 4 T and the MR is −1840% in
the magnetic field of 4 T at 118 K.

The VMS in a 1 T field at room-temperature for the
x = 0.1, 0.2, 0.3, 0.4, 0.5, 0.55, 0.6, 0.7 is −6 × 10−6,
−30 × 10−6, −2 × 10−6, 0, 0, 0, 0, 0, respectively.
The isotherms of MS at 115 K for the x = 0.55 sample
is shown in Fig. 5. Comparing the λ// and λt, we can
see that the MS for this sample shows the anisotropic
behavior (λ// �=λt). For the x = 0.3, 0.5 and 0.6 samples,
λ// and λt have the opposite sign (not shown here). But
for the x = 0.55 sample, λ// and λt are both negative,
which means that it contracts simultaneously in both
directions parallel and perpendicular to the field. This
leads to a very large VMS for the x = 0.55 sample when
a field was applied upon to it. We can also observe
hysteresis of MS against changes in the magnetic field
for the x = 0.55 sample, which is characteristic of the



Figure 5 The isotherms of MS of the x = 0.55 sample.

first-order phase transition [2]. But for the x = 0.3,
0.5, 0.6 samples, hysteresis can’t be observed. For the
x = 0.55 sample, with increasing the magnetic field
the VMS increases gradually when H < 0.5 T, but in
the range of field about 0.5 T < H < 0.6 T, the VMS
increases dramatically, and then becomes gradual again
when H > 0.6 T up to −135 × 10−6 at 1 T. The VMS
in the x = 0.55 sample is much greater than that in
the x = 0.2 sample. This phenomenon can be related
to the structural phase transition. With x increasing,
the samples transit from La0.67Sr0.33MnO3 (x = 0, the
large-bandwidth manganite) to Gd0.67Sr0.33MnO3 (x =
1, the low-bandwidth manganite) and the PS tendencies
in samples are enhanced [7]. As a result, the MR effect,
resistivity increase and the Tc is lowered. In the x =
0.55 sample, there exist two competitive phases of low-
volume metallic FM clusters with delocalized carriers
and high-volume insulating A-type AFM clusters with
delocalized carriers due to the strong s–d exchange [7,
12]. With the increase of the magnetic field applied
upon to the x = 0.55 sample, the FM clusters grow in
both size and volume and the AFM clusters degenerate
in this sample [9]. This causes CMR and large MS
effects. Furthermore, this transition is of first order [7].
It is clear that in Fig. 5, the ω and λ show hysteresis
at 115 K temperature against changes in the magnetic
field. Therefore, we conclude the CMR and large VMS
for the x = 0.55 sample could be attributed to the first-
order structural phase transition from metallic FM to
the A-type AFM phase.

In summary, we have investigated the phase-
structure and MR, MS effects in bulk polycrystalline
LGSMO samples. We find that with increase of x in
the samples, the phase-structure transforms from RF to
OF with a critical point x = 0.55. At the same time,

Tc declines rapidly and MR, resistivity of the sam-
ples increases. At x = 0.55, the phase-structure is of
mixed-phase state and the applied magnetic field can
move high-volume insulating A-type AFM clusters to
the phase of low-volume metallic FM clusters. In the
x = 0.55 sample, the maximum VMS is −135 × 10−6

in a magnetic field of 1 T at 115 K, and the maxi-
mum MR is −1840% in the magnetic field of 4 T at
>118 K.
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