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Abstract - This work reports, some of the features related to the room temperature superparamagnetic behaviours of lead
nanoparticles. Such behaviours have not been discussed elaborately, in any literatures, so far. It is obvious fro m our studies that
the superparamagnetic behaviours of Pb nanoparticles are surprising behaviours, since bulk Pb has diamagnetic behaviours.
Hysteresis curve from Vib rating Samp le Magnetometer study of Pb nanopowder (metal) serves some new observations . The
successful calculat ions of values like magnetic size, saturation magnetizat ion, coercive field, and remanent magnetis m confirm
its superparamagnetic nature and exp lore its potential applicat ion in various industries. This work throws some light on and helps
further research.
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1. Introduction
SuperParaMagnetic (SPM) behaviours describe, the
magnetisation (M) as a function of magnetic field (B) fo r a
population of randomly oriented, non-interacting, single
domain part icles, whose magnetisation remains in thermal
equilibriu m with the applied field. The individual magnetic
mo ments of all ato ms in nanoparticles create the total
magnetic mo ment of the nanoparticles. This total mo ment is
regarded as a g iant magnetic mo ment. Pavel et al. describe the
phenomenon of magnetic v iscosity is known as SPM effect
[1].
It is a general and well known fact that nano-materials are
behaving differently fro m their bulk material [2]. Size and
shape control many of the physical p roperties (viz., melt ing
point, magnetis m, specific heat, conductivity, band gap, etc.),
lu minescence, and optical, chemical and catalytic properties
of nanomaterials [3]. Based on these facts, the present
research has been done, to observe the SPM behaviours of
metallic lead (Pb ) nanoparticles. Vibrating Sample

Magnetometer (VSM) study of Pb nanopowder confirms
its SPM behaviour. The results disclose the absence of
hysteresis loop, negligib le values of coercivity and remanence
of the sample material.
The use of nanotechnology has shown a high impact on
society and environment. Scientists show high interest for
magnetic nanomaterials due to its potential applications. Also
bulk materials show different magnetic behaviours, when
prepared in nanoscale [4]. In comparison to macroscopic
objects, nanoparticles have very high ‘surface to volu me’
ratio and quantum mechanical effects. Therefore, the

magnetization of nanoparticles is dominated by finite size and
surface effects [5-6]. The crystallinity also affects the
magnetic properties [7].
Magnetic materials having around a dozen nanometers in
size are showing SPM behaviors in which coercivity and
remanence are zero value. Nanoparticles (with special
properties like SPM) are important material for apply ing to
magnetic targeting carriers [8]. Magnetic nanoparticles have
been thoroughly studied during the last decades due to their
many pro mising applications in chemical, physical and
med ical fields [9]. They are utilised in various technological
applications such as data storage devices, where every part icle
represents a bit of information [10].
Sundaresan et al. concluded that metal o xides such as
CeO2 , Al2 O3 , Zn O, In 2 O3 , and SnO2 exhib it diamagnetism but
their nanoparticles exh ibit roo m-temperature ferro magnetism
[11]. Magnetic nanoparticles exh ibit a variety of unique
magnetic phenomena that are drastically d ifferent fro m their
bulk counterparts. The fundamental magnetic properties like
coercivity (Hc) and susceptibility () of these nanoparticles
depends on various factors such as size, shape, and
composition [12].
Fe3 O4 nanoparticles exhib it SPM behaviours at room
temperature due to large fraction of surface atoms in the
nanocrystals but bulk Fe 3 O4 shows ferrimagnetic behaviour
[13-16]. Specifically, the domain wall structure of the bulk
crystalline ferrites is rep laced by a single do main structure of
each particle, which leads to new phenomena like SPM [17].
The particles of magnetite below 10– 15 n m size contain only
one single magnetic do main [18]. It is known that when the
particle size is s maller than 30 n m, magnetite and maghemite
particles display SPM properties, i.e., they are attracted to a
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magnetic field but retain no magnetism after removal of
magnetic field [19]. In the absence of an external field, the net
magnetization of SPM materials at room temperature is zero
[20].
While, the particle size of magnetite particles decreases
below 30 or 20 n m, their saturation magnetization (Ms) value
also decreases due to newly arisen phenomena of SPM
behaviours [21-22]. The Ms Value of SPM Iron Oxide
nanoparticles is smaller than the bulk Iron Oxide sample due
to nonmagnetic layer on the surface of SPM Iron Oxide
nanoparticles [23]. The absence of hysteresis loop, coercivity
and remanent magnetizat ion at room temperature indicate that
the nanoparticles exhibit SPM behaviour [24]. It is known that
Ms of single-domain SPM nanoparticles is size-dependent [25]
and it is exp lained by the small surface effect [26].
In order to switch the magnetization into a different state,
a certain energy barrier needs to be overcome. If this energy
originates fro m thermal energy, such particles are called SPM.
There are no longer stable magnetization configurations but
the magnetic mo ment permanently switches between different
orientations. SPM part icles show no hysteresis loop and their
magnetization response to an external magnetic field
resembles the Langevin behaviour of paramagnetic materials
[27]. Soft magnetic materials with particle size below 10 n m
show SPM (switching) properties and these materials are
prospective for many applications in bio medical and its
related field. The applications of these nanomaterials are
depending on various factors like size o f the particles,
stability, ambient magnetic properties, and biocompatibility
[28] SPM materials play an important role in bio med ical
applications including magnetic resonance imaging for
clin ical d iagnosis, magnetic drug targeting, hyperthermia
anti-cancer strategy [29-31].
We have made an attempt to find the roo m temperature,
SPM behaviours of spherical shaped Pb nanoparticles. It is a
surprise that bulk Pb has diamagnetic behaviours. In this
study, we will present some of the new findings by magnetic
characterizat ion of Pb nanoparticles synthesized by
electrolysis using a bioactive compound - konjac aqueous
extract. These findings suggest that the synthesized material is
an efficient SPM material and can be utilized for various
industrial purpose like Magnetic Inks, Magnetic separation,
Vacuum sealing, Magnetic marking, Magnetic refrigeration,
MRI, Magnetic Data Storage and Research tools in materials
physics, geology, biology and medicine. In conclusion, we
have shown that nanoparticles behave differently fro m bulk.
To our knowledge, such advanced insights have so far not
been said for Pb nanoparticles.

2. Experimental
In order to explore the magnetic behaviours of lead
nanopowder, we have synthesized it, in accordance with our
(T.Theivasanthi and M.Alagar) earlier literature procedure
[32]. TEM analysis fro m the same literature confirms the FCC
structure, 10 n m average size, and spherical shape of Pb

nanoparticles. X-Ray Diffraction (XRD), Energy Dispersive
X-Ray (EDAX), Differential Scanning Calorimet ry (DSC),
Atomic
Absorption
Spectroscopy
(AAS), Fourier
Transform-Infra Red (FT-IR) and theoretical density
calculation studies of the same report confirms that the sample
was Pb metal Nanoparticles. VSM analysis of this present
study also confirms the nano nature of the sample i.e. part icle
diameter is 44 n m. 5 g of Pb(NO3 )2 salt was d issolved in 100
mL of distilled water and transferred to an electrochemical
bath (volume: 4 × 3 × 3 cm3 ) had lead rod as working
electrode (anode), stainless steel rod as counter electrode
(cathode). A constant voltage of 15 V was applied between
the electrodes using a power supply for 10 minutes. At the end
of the process, deposition of Pb nanoparticles was observed
and they were removed fro m both cathode and bath (Particles
which were settled down on the electrolytic cell). 20 g of
konjac tuber was sliced into many pieces and boiled for 10
minutes with 100 mL of distilled water. At the end, konjac
aqueous extract was decanted, few drops of extract was added
to the synthesized Pb nanoparticles (to prevent o xidation &
stabilization) and were kept in a hot air oven at 50 °C for two
hours / until it dried.
VSM (Model: Lakeshore VSM 7410) was used to
characterize the DC magnetic properties of the prepared
sample of Pb spherical nanoparticles. The powder sample was
placed in a glass ampoule (measuring cap) mounted in VSM
and was fixed in paraffin in order to exclude the motion of
powder. Moment Vs field measurement for 44 mg (0.044 g)
mass of the sample was taken at room temperature 303 K and
applied Field Range ± 20000 G. When the sample was placed
in that magnetic field B, a magnetic mo ment ‘m’ or
magnetization ‘M’ (magnetic mo ment per unit volu me) was
induced which related to B. The magnetizat ion variat ions
were studied and hysteresis parameters such as saturation
magnetization (Ms), coerciv ity (Hci) and remnant magnetism
(Mr) were measured.

3. Results & Discussions
VSM is a very common and versatile method of measuring
magnetic properties wh ich determines the magnetic mo ment
by vibrating the sample perpendicular to a uniform magnetic
field in between a set of pickup coils [33]. In a VSM, a sample
is placed suitably within sensing coils, and is made to undergo
sinusoidal motion, i.e., mechanically v ibrated. The resulting
magnetic flu x changes induce a voltage in the sensing coils
that is proportional to the magnetic mo ment of the sample.
VSM results showed that SPM properties of spherical lead
nanoparticles. A plot of typical magnetic mo ment Vs
magnetic field hysteresis curve traced at room temperature for
the lead nanoparticles is shown in fig.1, where the
magnetization hysteresis loops appeared S-like or sig moid
shape and extremely thin due to no remanence and negligible
coercivity. It was showed a very steep initial rise in
magnetization with vary ing applied magnetic field and then a
smooth change of magnetization with more gradual increase
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to saturation.

Figure 1. Hysteresis Curve of Lead Nanoparticles
No appreciable hysteresis, negligible width of the loop,
negligible coercivity and the no saturated magnetization are
indicating SPM behaviour. This change is due to quantum
size effects and increased surface area of nanosized magnetite
particles wh ich create SPM [34]. When the descending curve
(the position of the loop traced between Bmax and 0) and the
ascending curve (between 0 and Bmax) are the same, there are
no magnetic hysteresis and no magnetic remanence. The
treatment is reversib le. Paramagnetic, d iamagnetic and SPM
behaviour are all reversib le. The field necessary to reduce the
net mo ment to zero is defined as the coercive field (μ o Hc) or
coercivity. Saturisation remanence (Mr) is the y intercept of
descending curve. Bulk coercivity (Bc) is the x intercept of
ascending loop. Jackson suggested that the y intercept pointed
to a cubic anisotropy [35].

The experimental hysteresis gives the maximu m field
values of descending and ascending (15000.4 G and
-0.349051 G) and (-0.000999883 G and 15000.4 G) curves
respectively. It does not exhib it magnetic hysteresis loop,
coercivity (Hc) and remanent magnetizat ion (Mr) because of
very small or neglig ible values. Jung et al. exp lain that
remanence to saturation ratio (Mr/Ms) characterizes the
squareness of the hysteresis loops [36]. Mr/Ms << 0.01 and
Hr/Hc > 10 are the typical values for SPM particles. The
squareness ratio (SQR) i.e. M r/Ms of the sample is 0.03517
which ind icates no squareness. It appears in sigmoid or S-like
shape, without any loop which proves that spherical lead
nanoparticles are SPM in nature. The net magnetization in the
absence of an external field is zero. The related measurement
values are given in Table. 1.

Table 1. Magnetic Measurements Values of Lead Nanoparticles
Coerci vi ty (Hci)
G
39.269
Negative -52.239
Positive 26.299

Retenti vity (Mr)
emu
0.000019718
Negative
-0.000013156
Positive
0.00002628

Magnetizati on (Ms)
emu
0.00056059
Negative
-0.00053986
Positive
0.00058132

Fiel d at Ms
G

Sensitivity
emu

14000

-6.2000

Mass: 44 mg. Nu mber of Points: 151. Time Constant: 1 sec. Elapsed Time: 27 min 53 sec
Morrish et al. have reported that Fe 3 O4 nanoparticles
having particle size ~ 50 n m or even less may be considered as
a single domain [37]. The reason for SPM nature of the lead
nanoparticles is essentially due to the very small size. The
smaller size may be considered as equivalent to a single
magnetic domain where the thermal vibrat ions easily

overcomes energy barrier resulting SPM nature of nano size
particles.
B90 is a field, at wh ich the magnetizat ion reaches 90% of
saturation, on room temperature. It also occurs in the field at
which the SPM particles population reaches 90% saturation. It
is a quick guide to the SPM slope (the SPM susceptibility χ sp )
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contributing to the hysteresis response. It is very sensitive to
particle size with very steep slopes and for the particles at the
SPM / Single Do main threshold. Tauxe et al. argue that the
threshold size is ~ 20 n m [38]. The init ial susceptibility 0 was

determined by fitting a straight line to the M-H data [39]. A
straight line fit with h igh field to find the susceptibility of
sample is shown in Fig.2.

Figure 2. High field susceptibility of Lead Nanoparticles
The hysteresis curve of the sample yields a small or
negligible amount of Ms and coerciv ity of the magnetic phase.
If any magnetic phase presents, the Ms Value will yield its
amount. A small or neglig ible amount of magnetic phase may
be present resulting in an in itial susceptibility value.
In literatures, it is said that Ms value of SPM magnetite
nanoparticles is smaller than the bulk sample due to
nonmagnetic layer on the surface of SPM nanoparticles but in

this present experiment it is not alike and Ms value is more
than bulk. Magnetization (magnetic mo ment per unit volu me)
M of nano Pb is differ fro m bulk lead. Being a diamagnetic
substance, bulk lead has no unpaired electron orbital or spin
angular mo mentum, negative molar susceptibility value ( m)
and it varies only slightly with temperature. The specific
magnetization of pure Pb is also negative. So me magnetic
characters of bulk and nano Pb are enumerated in Tab le.2.

Table 2. Magnetic characters differences between Bulk and Nano Lead
Characters
Magnetism
Susceptibility 

Relative permeability
Ms
Mr/Ms ratio
Average mo ment
Magnetization
Magnetic mo ments
Magnetic mo ment

Nano Lead
Bulk Lead
In the presence of an external magnetic field
Superparamagnetis m
Diamgnetis m
5*10-8 (less than ferro magnet and
Molar  m = -23*10-6 cm3 mol-1
more than paramagnet)
Mass  = -1.5 × 10-9
Vo lu me  = -1.8 × 10-5
Magnetic  = -0.12 × 10-6
(at temperature 7.18 K)
1.00000005
less than unity
0.00056059 emu
< 0 (negative)
0.03517
0.00047 emu
Very s mall / Negligib le
In the absence of an external magnetic fiel d
0
0
0
0
Temperature >0 K
0
-

3.1. Magnetic Moment
The experimental magnetic mo ment is calculated fro m the
following formu la [40].
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[MW  Ms]
......................................(1)
5585

Where M W is molecu lar weight of the sample and Ms is
saturation magnetization in emu/g.

3.2. Particle Size Calculation
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increases the thermal energy (KBT) mo re than the energy
barrier. Hence, the KBT is able to reorient the domains,
dimin ishes hysteresis and coercive field to zero (which are
characteristic features of SPM regime). When the particle size
of a magnetic phase is reduced, the coercivity increases, goes
through a maximu m, and then tends towards zero [41].
Do mains reorientation is shown in Fig.3.

When the size of magnetic nanoparticles reduces below a
critical value (13n m for magnetite), such magnetic anisotropy

Figure 3. Schematic d iagram o f do main reorientation, Break up of magnetizat ion into domains due to energy minimizat ion.
Giant magnetic mo ment of SPM Regime in SD
Hysteresis data are used to characterize the domain state and
infer the average magnetic grain size. Bean et al. proposed
firstly to determine the size d istribution fro m the
measurements of magnetization curve based on the theory of
SPM [42]. In many cases, an accurate knowledge on the
average size and size distribution of nanoparticles are
crucially impo rtant for the proper working of the particular
application. The part icle mo ment may be determined by
magnetic measurements, fro m wh ich the particle volu me may
be obtained as m0 /Ms, if Ms is known [43]. One can estimate
Keff part icle volu me and particle size (diameter) by using the
following relat ions [44-45].

HC M S
................................(2)
2
25K BTB
V
..................................(3)
KA
4
V   r 3 ......................................(4)
3
K eff 

Where, Ke ff and KA are effective magnetic anisotropy
constant, HC is coercivity, M S is saturation magnetizat ion, KB
is Bolt zmann constant (1.38* 10-23 ), TB is blocking
temperature (303 K), V is particle volu me and r is radius of
particle. We estimated the values that Keff = 2502 J.m-3 ,
particle volu me = 4.2* 10-23 m3 , rad ius = 2.15* 10-8 m and
particle size (diameter) = 44 n m for lead SPM nanoparticles.
The transition temperature fro m a magnetism state to SPM
state with no hysteresis behaviour is referred as TB. Bulk

materials have magnetic an isotropic energies much larger
than the thermal energy (kT).

4. Conclusions
First time, we have made an attempt to find the SPM
behaviours of Pb nanoparticles (metal) and such advanced
insights have so far not been said in literatures. We hav e
successfully calculated its particle size (diameter) as 44 n m,
some other values such as saturation magnetizat ion, coercive
field, and remanent magnetism fro m VSM analysis. It is
confirmed fro m our experiment that lead nanoparticles do not
exhibit d iamagnetism as like bulk lead, exh ibit SPM
behaviours and the results are discussed in detail. The results
related to the SPM suggest, the synthesised lead nanoparticles
for a lot of potential applications in various industries. It is
concluded that the present work is a clear evidence for the
SPM nature of Pb spherical nanoparticles, at
room-temperature. Th is work throws some light on and helps
further research on nano-sized lead powder.
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