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Abstract
Polycrystalline Nd1−xAgx MnO3 compounds were prepared in single-phase form up to 20% of
Ag doping. They are found to crystallize in the Pbnm space group with an increase in lattice
parameters with doping. The magnetic properties were studied by measuring dc magnetization
and ac susceptibility. A paramagnetic to ferromagnetic transition along with the signature of the
presence of competing antiferromagnetic interaction has been observed. The saturation
magnetic moment up to 2.2 μB per formula unit has been observed at 78 K. The measured
magnetization has been analyzed by using the Brillouin function and by taking into account the
ferromagnetic interaction. The measured magnetization has been explained on the basis of spin
canting with a ferromagnetic component along a unique axis and with an antiferromagnetic
interaction in a plane perpendicular to the axis. The average magnetic moment estimated from
the Curie–Weiss law fit in the paramagnetic region is comparable to the theoretical magnetic
moment due to Mn3+/Mn4+ and Nd3+ ions. The analyses of frequency variation of ac
susceptibility and harmonic susceptibility indicate the presence of spin-glass-like behavior
below the ferromagnetic transition temperature.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

La1−x AxMnO3 (A = alkaline earth)-based colossal magne-
toresistivity (CMR) materials are widely studied compared
to other rare-earth-based CMR materials [1–6]. The
La1−x AxMnO3 series is found to have a large eg electron
bandwidth due to its large A site ionic size and hence strong
double exchange (DE) ferromagnetic (FM) interaction [1–6]
with higher transition temperature. On the other hand, the Nd–
Mn–O series falls in the category of medium-size eg bandwidth
and hence the ionic size of doped materials plays a very
sensitive and crucial role in tuning the magnetic properties
in this system. Troyanchuk et al [7] studied systematically
the magnetic properties of Nd1−xCax MnO3 compounds and
observed ferromagnetic (FM) transition with Tc around 110 K
followed by a broad peak at around 72 K. The maximum
saturation magnetization was found to be 2.8 μB at 5 K for
a 1 T field. A large difference between zero-field-cooled
(ZFC) and field-cooled (FC) magnetization was observed with
electrical resistivity following semiconducting behavior. Liu
et al [8] prepared the Nd1−x Cax MnO3 compounds for x = 0–
1 and found that all the materials exhibited semiconducting

behavior with the magnetic properties demonstrated by
charge ordering and antiferromagnetic (AFM) transition.
However, the application of magnetic field was found to
induce semiconductor–metal and AFM–FM transition in the
composition range 0.30 � x � 0.45. The charge ordering
and its destruction by the application of a large magnetic field
were reported by Tokunaga et al [9] in Nd0.5Ca0.5MnO3. Rao
et al [10] demonstrated the destruction of charge ordering and
the introduction of an FM transition by preparing the material
in nanophase form. In the Nd0.7Sr0.3MnO3 series, FM and
metal–insulator (M–I) transitions have been observed with Tc

in the range of 230–250 K because of its relatively large A
site ionic size (〈rA〉 = 1.212) compared to the (Nd, Ca)–Mn–
O series [11–13]. However, in half-doped Nd0.5Sr0.5MnO3

material charge ordering has been reported at around 150 K
from detailed neutron diffraction, magnetization and electrical
resistivity studies [14–18]. In the Nd1−x Bax MnO3 series, even
though the 〈rA〉 value is quite large, FM was observed in a
narrow composition range of x = 0.2–0.4 with a relatively
lower transition temperature of 120 K and with electrical
resistivity of the order of k� cm [19, 20]. Thus the double
exchange (DE) interaction is not purely driven by the 〈rA〉
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size or eg electron bandwidth. There are a few reports on
single-crystal samples of Nd0.7Pb0.3MnO3, where FM and M–
I transitions have been observed at around 150 K [21–23].
It was also predicted that, in these materials, Nd ions
order antiferromagnetically with spin canting. Recently
the monovalent alkali-ion-doped, Nd1−x Nax MnO3 series was
studied by a few groups for x = 0.1–0.25 and found that
these materials exhibit charge ordering at around 180 K
followed by a weak FM transition at 110 K [24–26]. The
electrical resistivity follows semiconducting behavior without
any metal–insulator transition. However, a metal–insulator
transition could be induced by the application of a magnetic
field of the order of 3 T [26].

Even though there are several reports on divalent alkaline-
earth-doped Nd–Mn–O series, the work on monovalent doping
in place of Nd is limited. The monovalent doping has some
advantages over divalent doping. Each doped monovalent
atom oxidizes two Mn ions from the Mn3+ to the Mn4+ state.
Thus, the optimum ratio of Mn3+ and Mn4+ ions can be
obtained by doping a relatively small fraction of monovalent
atoms and hence with minimum lattice distortion. The Ag
doping in the La1−x Agx MnO3 series has been found to be
quite successful in achieving CMR behavior in the vicinity
of room temperature [27–30]. Moreover, the ionic size of
Ag1+ is greater than some of the alkaline earth and alkali ions,
so in the present work, we have prepared Nd1−x Agx MnO3

compounds for x = 0.05–0.20. We have studied their magnetic
properties by measuring dc magnetization and ac susceptibility.
These materials are found to exhibit ferromagnetic insulating
behavior along with competing magnetic interaction. The
detailed study of frequency variations of ac susceptibility and
third harmonic susceptibility leads to the conclusion of the
presence of spin-glass-like behavior.

2. Experimental details

Polycrystalline samples of Nd1−x Agx MnO3 (x = 0.05, 0.10,
0.15, 0.20) were prepared by the conventional solid state
reaction method. A stoichiometric ratio of Nd2O3, AgNO3

and manganese acetate with 99.9% purity were weighed
and mixed thoroughly under acetone. The mixture was
presintered at 1000 ◦C for 40 h in a step-by-step process by
heat treating at a few intermediate temperatures. The final
sintering in pellet form was carried at 1150 ◦C for 40 h.
X-ray diffraction patterns (XRD) were recorded by using a
Bruker D8 Advance XRD machine with Cu Kα radiation.
Recording of the microstructure image and compositional
analysis have been carried out by using a LEO scanning
electron microscope (SEM) equipped with an Oxford energy-
dispersive spectrometer (EDS).

The temperature variations of zero-field-cooled (ZFC) and
field-cooled (FC) magnetization (M) were measured by using
a Lakeshore model no. 7410 vibrating sample magnetometer
under 20 mT magnetic field (B) from 80 to 350 K. The
magnetization loop was measured by varying B up to 2 T.
Temperature variation of linear ac susceptibility (χ ′

1, χ
′′
1 ) was

measured by the mutual inductance bridge method for an
ac field amplitude of 0.6 mT operated at a frequency f =

Table 1. Parameters obtained from the Rietveld analysis of XRD
patterns for samples Nd1−x Agx MnO3 (x = 0.05, 0.10, 0.15, 0.20).
Errors in lattice parameters and unit cell volume are shown in
brackets.

Sample/parameter x = 0.05 x = 0.10 x = 0.15 x = 0.20

Space group Pbnm Pbnm Pbnm Pbnm
a = b (Å) 5.4091 5.4271 5.4292 5.4205

(0.0016) (0.0018) (0.0016) (0.0015)
b (Å) 5.6276 5.5296 5.5252 5.5638

(0.0019) (0.0020) (0.0018) (0.0017)
c (Å) 7.6045 7.6675 7.6728 7.6344

(0.0024) (0.0028) (0.0026) (0.0024)
Volume (Å) 231.5 230.1 230.2 230.2

(0.1) (0.1) (0.1) (0.1)
χ2 (%) 1.56 2.59 2.64 2.53
Rp (%) 3.14 5.75 5.33 4.24
Rf (%) 10.6 13.0 8.85 8.54
RBragg (%) 12.4 14.6 11.1 9.67
〈Mn–O1〉 (Å) 2.0090 1.9909 2.0118 2.0240
〈Mn–O2〉 (Å) 2.0072 1.9672 1.9807 1.9904
Mn–O1–Mn (deg) 142.3 148.7 144.9 141.1
Mn–O2–Mn (deg) 152.9 159.8 155.7 154.6
〈rA〉 (Å) 1.169 1.175 1.180 1.186
Tolerance factor (t) 0.864 0.892 0.879 0.874
Mn valence 3.14 3.25 3.32 3.38

333 Hz. The frequency variation of linear ac susceptibility
measurements was carried out at four different frequencies,
namely 333, 1333, 3333 and 6333 Hz and for an applied field
of 0.2 mT. The third harmonic susceptibility (χ ′

3, χ
′′
3 ) versus

temperature was measured for an ac field amplitude of 0.2 mT.
The third harmonic susceptibility signal was measured using a
dual-phase lock-in-amplifier by setting the reference frequency
as 3 f . The oxidation state of Mn was determined by a
chemical titration method, in which the samples were dissolved
in dilute sulfuric and phosphoric acids with an addition of an
excess amount of Fe(NH4)2(SO4)2 and were titrated against
self-indicating KMnO4 solution.

3. Results and discussions

The Nd1−xAgx MnO3 compounds for x = 0.05, 0.10, 0.15
and 0.20 are found to be in single-phase form as per the XRD
pattern. These XRD patterns were analyzed with the help of
the fullprof program by the Rietveld refinement technique [31]
and they could be refined as per the Pbnm space group. A
typical XRD pattern along with Rietveld refinement is shown
in figure 1 for x = 0.15. The refined lattice parameters and
unit cell volume are listed in table 1. The lattice parameters
a and c are found to increase with doping up to x = 0.15
due to the replacement of the Nd3+ ion by larger Ag1+ ions.
However, the lattice parameter b is found to decrease with
the increase in doping. As a result of elongation of MnO6

octahedra along the a and c directions, there is a counter effect
of contraction along the b direction. Such behavior has been
observed by Tang et al [26] in the Nd1−xNaxMnO3 series and
the lattice parameters are found to be comparable to those of
Nd1−xNaxMnO3 compounds [26].

The Mn–O bond lengths and � Mn–O–Mn bond angles
are calculated from the refined atomic positions and lattice
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Figure 1. XRD pattern for the sample x = 0.15. The circles represent experimental points and the solid line represents Rietveld refined data.
The bottom line shows the difference between experimental and refined data. The marked 2θ positions are the allowed Bragg peaks.

parameters and these values are listed in table 1. The Mn–O–
Mn bond angle for x = 0.10 is found to be highest followed
by the x = 0.05 sample. The microstructure morphology of
the samples are found to be uniform with average particle size
of the order of 2 μm. The chemical compositions determined
from EDS analysis are found to be comparable to the nominal
starting composition. The typical cationic ratio for the x =
0.15 sample is found to be Nd:Ag:Mn = 0.86:0.13:1.01. The
average valence of Mn ions determined from chemical titration
is given in table 1. The systematic increase in Mn valence with
Ag doping depicts the formation of an Mn3+/Mn4+ mixture
with increase in Mn4+ concentration. The Goldschmidt
tolerance factor, t = (dNd−O)/

√
2(dMn−O) is found to vary

from 0.86 to 0.89 with a maximum value for the x = 0.10
sample and they are given in table 1.

The temperature variations of magnetization for x =
0.05, 0.10, 0.15 and 0.20 samples in zero-field-cooled (ZFC)
and field-cooled (FC) conditions are shown in figure 2. A
sharp rise in magnetization at ∼80 K has been observed
for x = 0.05 and the complete transition could not be
seen because of the low temperature limitation in the present
set-up. The above transition temperature is comparable to
the transition observed in the parent compound, NdMnO3,
reported in the literature [32, 33]. On the other hand, for doping
concentrations x � 0.10, FM transitions are observed with
Tc around 120 K. For x = 0.10 and 0.15, the Tc values are
comparable and there is a clear bifurcation of ZFC and FC
curves and such behavior could not be seen for the x = 0.2
sample because of the slightly lower transition temperature.
The FM Tc observed in the present series is comparable to
that reported for the Nd1−x Nax MnO3 series [24–26]. However,
unlike the (Nd, Na)–Mn–O series, we have not observed any
charge ordering type of transitions.

The dc susceptibility χdc in the paramagnetic region was
analyzed by using the Curie–Weiss law. The Curie temperature
(θC) for all four samples was found to be positive and indicates
the FM interaction. Thus the Ag doping gives rise to the
generation of an Mn3+/Mn4+ mixture and the Zener double
exchange FM interaction. Typical plots of 1/χdc versus
temperature for x = 0.10 and 0.15 samples are shown in
figure 3 along with Curie–Weiss law fitting. The FM transition
temperature obtained from the M versus T curve and θC are
given in table 2. The difference between TC and θC are mainly
due to the observed broad magnetic transition. The effective
magnetic moment, μeff, was determined from the fitted Curie
constant C and is given in table 2. It is found to decrease
systematically with increase in Ag doping as a result of the
oxidation of some of the Mn3+ ions into the Mn4+ state. The
above μeff values obtained from the analysis of experimental
data can be compared with the theoretical effective magnetic
moment μth. By taking into account the magnetic moment
contribution from Nd3+, Mn3+ and Mn4+ ions, μth can be
calculated as

μ2
th = x1μ

2
1 + x2μ

2
2 + x3μ

2
3. (1)

Here, x1, x2 and x3 are the fractional concentrations of Nd3+,
Mn3+ and Mn4+ ions per formula unit. μ1, μ2, μ3 are the
theoretical magnetic moments of Nd3+, Mn3+ and Mn4+ ions
and their values due to the spin-only contribution are 3.62 μB,
4.9 μB and 3.87 μB, respectively. The μth values are tabulated
in table 2 and they are comparable to μeff values and the
minor difference between them is mainly due to error in the
estimation of the concentration of Mn3+ and Mn4+ ions.

The magnetization loops measured at 78 K for B =
±2 T are shown in figure 4. There is a large increase in
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Figure 2. The temperature variation of (ZFC) zero-field-cooled (circles) and (FC) field-cooled (squares) magnetization curves for x = 0.05,
0.10, 0.15 and 0.20 samples.

Table 2. Parameters obtained from magnetic measurements. TC is
the ferromagnetic transition temperature. θC (Curie temperature) and
μeff have been found from inverse dc susceptibility fitting. MS and
Seff are the saturated magnetic moment and effective magnetic spin,
respectively. τ0 is the characteristic time constant calculated from
frequency variation of ac susceptibility.

Sample

Parameter x = 0.05 x = 0.10 x = 0.15 x = 0.20

TC (K) 84.0 114.0 113.0 102.0
θC (K) 74.6 135.3 129.4 114.6
μeff (μB) 6.30 6.06 5.95 5.81
μth (μB) 5.96 5.83 5.69 5.60
MS (μB/f.u.) at 78 K 0.34 1.98 1.85 1.31
Seff — 1.4 ± 0.1 1.8 ± 0.2 1.4 ± 0.1
τ0(10−8 s) — 6.2 37.1 —
zν — 1.33 0.90 —

saturation magnetization (MS) as the doping concentration
increases from 5% to 10%. The MS value for x = 0.10
and 0.15 are comparable and it decreases for the x = 0.20
sample. The MS value for the x = 0.10 and 0.15 samples are

found to be relatively large compared to other samples. This
can be understood on the basis of Mn3+/Mn4+ concentrations,
which are close to the optimum value of 0.7/0.3, where a
relatively strong double exchange ferromagnetic interaction
is observed in manganites. For the x = 0.05 sample,
even though there is a minor ferromagnetic contribution,
the magnetization is found to increase almost linearly with
increase in magnetic field and it indicates the presence of a
considerable AFM/paramagnetic contribution. The Ms value
after subtracting the linear contribution is found to be 0.34 μB

per formula unit. Even though the magnetization of higher
doped materials has increased appreciably, their magnetization
is less than the expected spin-only contribution of Mn ions.
The MS values after subtracting the linear contribution are
given in table 2 for all the samples. The lack of hysteresis
loss indicates the soft magnetic properties of the materials.
By following the neutron diffraction results of Yu et al [32]
and Munoz et al [33] in the NdMnO3 parent compound and
by assuming the canting of magnetic spins of Mn ions with
its FM component parallel to the c axis and AFM component
within the ab plane, the canting angle β with respect to the
c axis can be estimated by determining the effective magnetic
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Figure 3. 1/χdc versus temperature for the samples
(a) Nd0.90Ag0.10MnO3 and (b) Nd0.85Ag0.15MnO3. Solid lines
represent the fit to the Curie–Weiss law.

spin Seff, which contributes to the ferromagnetic interaction.
The field variation of magnetization after subtracting the linear
contribution was fitted to the relation

M = M0 BS(x) (2)

where

BS(x) = 1

|Seff|
[(

Seff + 1

2

)
coth x

(
Seff + 1

2

)
− 1

2
coth

x

2

]
.

(3)
Here, M0 = NgμB|Seff|, x = gμB

kT B and B = Ba + λM .
λ is the Weiss molecular field constant for ferromagnetic
interaction and N is the number of atomic moments per unit
volume. We have carried out the fit by assuming the λ values
determined from the FM Tc and Curie constant C (Tc =
λC/μ0) for different samples. The typical magnetization fit
for the x = 0.10 sample is shown in the inset of figure 4. We
can see that the fitted data closely follow the experimental data.
The fitted values of Seff are given in table 2. The canting angle
β = cos−1(Seff/S) has been calculated. Here S is the expected
value of the spin for a particular sample corresponding to their

Figure 4. Magnetization versus magnetic field plots for x = 0.05,
0.10, 0.15 and 0.20 samples. The inset shows the Brillouin function
fit to magnetization data (after subtracting the linear part) for the
x = 0.10 sample.

Figure 5. Temperature variation of linear ac susceptibility (χ ′
1) of

Nd1−x Agx MnO3 (x = 0.05, 0.10, 0.15 and 0.20).

Mn valence. The typical values of β for x = 0.10 and 0.20
samples are found to be 42◦ and 40◦, respectively. These
values are comparable to the value reported for the NdMnO3

compound [32].
The temperature variations of in-phase linear ac suscep-

tibility (χ ′
1) are shown in figure 5 for x = 0.05, 0.10, 0.15

and 0.20 samples. A magnetic transition with peak effect has
been observed for the x = 0.05 sample. It coincides with the
transition observed from the magnetization measurement and
AFM transition reported in the literature [33] for the parent
NdMnO3 compound. So, it is basically an FM transition
with AFM component or vice versa due to spin canting. For
further increase in doping concentration, i.e. x � 0.10, we
can see the double exchange FM transition at around 115 K.

5
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Figure 6. χ ′′
1 versus temperature (T ) measured at frequencies

f = 333, 1333, 3333 and 6333 Hz for the sample Nd0.85Ag0.15MnO3.
Inset (a) shows the magnified part of the low temperature peak and
inset (b) shows the variation of freezing temperature with frequency.

In addition to that, a low temperature hump has also been
observed and is comparable to the AFM transition observed
in the x = 0.05 sample. The 1/χ ′ versus T plots (not shown)
for all the samples exhibit a linear behavior with positive Curie
temperature. For x = 0.2 samples, FM Tc is found to reduce
due to the increase in Mn4+ concentration beyond the optimum
value and this transition merges with the low temperature
hump. As the doping concentration increases, there are two
effects, namely increase in concentration of Mn4+ ions and
average A site ionic size. The increase in ionic size leads
to the increase in � Mn–O–Mn bond angle. The increase in
� Mn–O–Mn bond angle along with Mn3+/Mn4+ pairs have
a role in the strength of the double exchange ferromagnetic
interaction. Thus, for a low level of doping, there is a dominant
AFM interaction with weak FM due to spin canting. When the
doping concentration is increased to 10 or 15%, appreciable
FM has been observed. However, there is still a presence of
AFM interaction due to spin canting. This is mainly due to
the difficulty in getting the optimum Mn–O–Mn bond angle in
the Nd series because of its low ionic size compared to the La
series.

To further explore the magnetic behavior we have carried
out the frequency variation of ac susceptibility. Typical plots
of χ ′

1 versus temperature for the x = 0.15 sample are shown
in figure 6 and they exhibit double peaks. The low temperature
peak is found to shift towards higher temperature with increase
in frequency as a result of spin-glass (SG)-like behavior.
The low temperature peak is taken as the spin-glass freezing
temperature T f . The variation of Tf is shown in the inset of
figure 6. Unlike the Mn-site-doped CMR materials [34–37],
where a strong frequency dependence of Tf has been observed,
we observe relatively weak frequency dependence. However,
there is a clear shift in Tf, as can be seen from the inset of
figure 6. The observed shift in Tf is comparable to that reported
by Cao et al [38] in (Nd, Sm)0.5Ca0.05MnO3 samples. Thus

Figure 7. Plots of ln(τ) versus ln[(Tf − Tg)/Tg] for
(a) Nd0.9Ag0.1MnO3 and (b) Nd0.85Ag0.15MnO3 samples. Solid lines
are fits based on equation (4).

there is a weak spin-glass-like behavior in the present series.
Similar behavior was found for the x = 0.10 sample. The
dynamic property of spin glasses was analyzed based on a
conventional power law model [39]:

τ

τ0
=

[
Tf − Tg

Tg

]−Zν

. (4)

Here, τ is the relaxation time corresponding to the measured
frequency (τ = 1/ f ), τ0 is the spin flipping time and zν is the
critical exponent. Tg is the spin-glass transition temperature,
which is equivalent to the freezing temperature in the limit
of τ → ∞, i.e. f → 0. The Tg values for x = 0.10 and
0.15 samples were determined by extrapolating the plots of Tf

versus frequency to f = 0 and they are found to be 86.9 and
85.1 K, respectively. Plots of ln(τ ) versus ln[(Tf − Tg)/Tg] are
shown in figure 7 for x = 0.10 and 0.15 samples. These data
were fitted to equation (4) by varying the parameters τ0 and zν
and the fitted data are shown as a solid line. The values of τ0

and zν are listed in table 2 for both samples. The values of τ0

and zν are comparable to those reported by Cao et al [38] in
the (Nd, Sm)0.5Ca0.05MnO3 system.

The values of Tg and zν were independently determined
by the following Kouvel–Fisher method [40]. According to
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Figure 8. Third harmonic ac susceptibility (χ ′
3) versus T for the

sample Nd0.85Ag0.15MnO3. The inset shows the plot of ln |χ ′
3| versus

ln ε along with the fit to the scaling relation.

this technique, � = [ d
dT ln( 1

τ
)−1 = Tf

zυ·Tg
− 1

zυ . Thus the plot
of � versus Tf gives rise to Tg and zν. The values of Tg and
zν determined by this technique are found to be comparable to
those obtained from the fit of equation (4). We also attempted
to analyze the data in terms of the Vogel–Fulcher–Tamman
exponential model [41] but the data could not be fitted to that
model.

The observed frequency variation of fundamental har-
monic susceptibility is not the unique property of spin-glass
behavior. Another interesting magnetic property, i.e. super-
paramagnetism, also exhibits similar frequency variation of
fundamental susceptibility. In order to ascertain unequivocally
that the present low temperature transition is due to the spin-
glass-like behavior, one has to carry out the measurement and
analysis of harmonic susceptibility.

The typical plot of temperature variation of third harmonic
ac susceptibility, χ ′

3, is shown in figure 8 for the x = 0.15
sample. It exhibits a sharp negative peak at 113 K and it
coincides with the ferromagnetic transition temperature. In
addition to that, there is a low temperature peak at 84 K. The
position of the low temperature peak is closely comparable
to that observed from the χ ′′ versus T plot (figure 6) and
is attributed to the spin-glass transition temperature. It is
comparable to the harmonic susceptibility of the ferromagnetic
spin-glass material Fe1.5Mn1.5Si reported by Chakravarti et al
[42] and perovskite manganites [36, 37].

The unique property of spin-glass material is that their χ3

values follow the critical scaling relation χ ′
3αε−γ [43]. Here,

ε = (T − Tg)/Tg and γ is the critical exponent of the spin-
glass transition. The plot of ln |χ ′

3| versus ln(ε) is shown in the
inset of figure 8 for the sample x = 0.15 and it exhibits a linear
behavior. They were fitted to a linear equation by varying the
parameter γ and the fitted data are shown as a solid line. The
value of γ is found to be 2.02 ± 0.02 for the x = 0.15 sample.
The present γ value is comparable to γ = 2.3 ± 0.2, reported
for the AgMn spin-glass system [44] and γ = 2.2 ± 0.2

reported for PdMn spin glass material [45]. However, it
differs considerably from the values reported for other spin-
glass systems [39] and manganites [37, 46]. According to
Mathieu et al [46], the critical exponent corresponding to
the three-dimensional Heisenberg like model is 2.3 and the
critical exponent of the present material can be compared to
this model. Thus the low temperature transition observed
in the linear and nonlinear ac susceptibility measurements
are explained on the basis of spin-glass-like behavior. Such
behavior originates from competing FM and AFM interactions.

4. Conclusions

Polycrystalline samples of Nd1−x AgxMnO3 (x = 0.05,
0.10, 0.15 and 0.20) have been prepared for x = 0–
0.20. All the samples are found to be in single-phase
form. X-ray diffraction patterns could be refined by using
the Pbnm space group. The lattice parameters a and c are
found to increase with Ag doping. Temperature variation of
magnetization measurement shows that these materials exhibit
a paramagnetic–ferromagnetic transition with the signature of
the presence of a competing antiferromagnetic transition. The
paramagnetic susceptibility could be analyzed by using the
Curie–Weiss law and the estimated μeff was comparable to the
theoretical magnetic moments due to Mn3+/Mn4+ and Nd3+
ions. The field variation of magnetization could be fitted to the
Brillouin function relation by considering the FM interaction.
The measured magnetization was explained on the basis of
spin canting with a canting angle around 42◦. The frequency
variation of ac susceptibility and third harmonic susceptibility
data indicate the presence of spin-glass-like behavior for x =
0.10 and 0.15 samples.
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