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a b s t r a c t

Snow-ball flower like Ni nanoparticles have been synthesized using negatively charged micelles. Nega-
tively charged micelles incorporate the Ni+2 onto its head group by electrostatic attraction and again a
surfactant layer is arranged on positively charged Ni and thus in a repetitive way layer-by-layer a snow-ball
eywords:
i nanoparticles
now-ball

flower like structure is formed. After reduction of Ni+2 to Ni atom by sodium borohydride and hydrated
hydrazine the Ni clusters (∼3 nm) are formed and confined in micelles in snow-ball flower like pattern.
The sizes of these nanoflowers are of ∼30 nm order. The particles are superparamagnetic in nature with
blocking temperature about 117 K.
icelles
uperparamagnetic

. Introduction

In recent years, the preparation and characterization of nanos-
ructured materials are getting an immense importance to
esearcher. In particular, magnetic nanoparticles are getting impor-
ance because it exhibits unique and tunable magnetic properties
ue to its inherent magnetic anisotropy. The practical application
f these magnetic nanoparticles in the field of nanotechnology is
n attractive topic among the researchers. This field is an excit-
ng and rapidly expanding research area. Among the different

agnetic nanoparticles studied to date, Ni nanoparticles attract
pecial attention due to their tunable magnetic property, antimi-
robial effect, catalytic functions etc. People have synthesized
i/NiO core–shell type, nanoparticles [1], Pt anchoring carbon-
ncapsulated Ni nanoparticles [2], Ni/Ni3C core–shell nanochain [3]
tc. These kinds of materials are of interest because they are good
atalyst [4], useful in making nanodevice due to excellent magnetic
roperties [3], applicable for nanomedicine etc. [5–8]. People are
urrently interested in size and shape controlled synthesis of nano-
aterials. Because people want to make an understanding how

hape and size influence the physical properties. Various methods

ave been developed for the synthesis of nanosized nickel with
ifferent shapes and morphology and control of them have been
n active research theme [9–13]. By those research experiments,
ollow microspheres of nickel [12,13], trigonal nickel nanoparticles
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[14], different 1D nickel nanostructures such as single crystal Ni
nanobelts [15] and polycrystalline Ni wires [16] have been success-
fully fabricated using various methods [17,18]. We have synthesized
many kinds of nanomaterials with different size and shape by
exploiting different micelles as template [19–21]. In this paper we
have reported synthesis of Ni nanoparticles of snow-ball like shape
by a simple chemical process using sodium dodecyl sulfate (SDS)
micelles.

The micellar technique is used for the synthesis to control the
particle size in nano regime. It is well known that surfactant form
the micelles above certain concentration. Due to dynamic character
of micelles, the reactants come into contact with micelles and reac-
tion occurs. Micelles house the particles inside it restricting its size
in nano regime. Micelles are used not only to control the size, the
shape of the particles can also be controlled. But the mechanism
not yet is completely understood. To understand this we need to
investigate more on this.

2. Experimental

All chemicals were of analytical grade and used without purifi-
cation. A typical experiment was as following. A 30 ml acetone
and 30 ml ethyl alcohol were taken in a round bottom flask in N2
atmosphere. Nickel acetate (0.01 M) was dissolved in 30 ml sodium

dodecyl sulfate micelles (SDS) solution. This nickel acetate solution
was added to round bottom flask containing acetone and ethyl alco-
hol. Then the desired amount of hydrated hydrazine solution was
added to it under heating (near about 70 ◦C) and stirring conditions.
Then a drop of sodium borohydride solution of very low concen-
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The magnetic properties, i.e., the change of magnetization
with field were measured by a vibrating sample magnetometer
(Lakeshore, model 7144) at room temperature (300 K) and low tem-
perature (80 K) with applied magnetic field from −16 to +16 KOe.
ig. 1. Flowchart diagram explaining formation mechanism of snow-ball flower like
i nanoparticles.

ration was added to initialize the reduction of Ni salt. Initially
ydrated hydrazine cannot reduce the Ni salt. But after addition
f a drop of sodium borohydride the whole mixture turned into

ntense black color indicating the formation of Ni nanoparticles.

. Results and discussion

To understand the mechanism of formation of snow-ball flower
ike particles, similar reaction was also performed in presence of
ome other micelles, like positively charged cetyl trimethyl ammo-
ium bromide (CTAB) and non-ionic Triton X-100 (TX-100). In SDS
icelles only snow-ball flower like Ni nanoparticles are formed. But
hen the synthesis is carried out in negative or non-ionic micelles

uch kind of snow-ball flower like nanoparticles are not formed.
odium dodecyl sulfate micelles consist of negatively charged head
roup. We presume a mechanism for the formation of snow-ball
ower like particles in negatively charged SDS micelles. In the salt

nickel acetate’ the Ni is positively charged. Therefore negatively
harged head group of the SDS micelles are arranged as a layer on
i+2 due to electrostatic attraction. Again a layer of Ni+2 is formed
n the layer of micelles. Thus a layer-by-layer structure is formed by
ositively charged Ni and negatively charged surfactant as shown

n flowchart Fig. 1. Thus micelles and Ni salts together grow a snow-
all flower like structure and after reduction of Ni salt to Ni metal
uch snow-ball flower like structured Ni nanoparticles are formed.
or the whole reduction we did not use sodium borohydride as it
auses the reaction very faster. As the reaction takes place faster,
he formation of hydrogen becomes very fast, causing destruction of
he snow-ball flower like structure. Hydrazine hydrate alone cannot
educe the Ni salts to Ni metal. But after initializing the reduction
y borohydride the whole Ni salt is reduced by hydrazine hydrate.
ay be initially formed Ni nanoparticles by borohydride catalyze

he reduction further by less stronger reducing agent hydrazine
ydrate.

TEM image of these Ni nanoparticles are shown in Fig. 2. From
he TEM image it is evident that all the particles are snow-ball

ower like and almost of uniform size in the range ∼30 nm. The
loser view of one particle shows that one flower like structure is
gain consists of many smaller particles. The HRTEM image taken
rom one of such snow-ball flower like particles is shown in set
b’ and electron diffraction pattern is shown in set ‘a’ in Fig. 2.
Fig. 2. TEM image of snow-ball flower like Ni nanoparticles. Electron diffraction
pattern from the nanoflower is in set ‘a’ and HRTEM image is in set ‘b’.

From HRTEM image it is clear that the smaller particles are of size
around ∼3 nm. EDX analysis shows particles are of purely Ni. No
other metals are present.

The structure of the sample was confirmed by taking XRD spec-
tra from X-ray diffractometer (X’Pert Pro, Panalytical) using Cu
K� radiation source. The XRD pattern taken from these snow-ball
flower shaped nanoparticles are shown in Fig. 3. XRD pattern is
indexed. It shows only (1 1 1) peak corresponding to Ni. The peak
is of broad in nature which indicates very small size of the parti-
cles. From Scherer analysis particle size was calculated and found
that it was of ∼2.5 nm. This value is almost consistent with the size
obtained from HRTEM image of the smaller Ni nanoparticles con-
fined inside the micelles forming snow-ball flower like shape. May
be little bit surface oxidation takes place as particles are very small.
But it is very difficult to distinguish the peak 43.42 (for NiO) from
this broad peak.
Fig. 3. XRD curve of snow-ball flower like Ni nanoparticles.
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Fig. 5. ZFC–FC curve measured at applied field 100 Oe in the temperature range
80–400 K.

Snow-ball flower like Ni nanoparticles were synthesized in
ig. 4. Magnetic hysteresis loop measured for snow-ball flower like Ni nanoparticles
t 300 K (a) and at 80 K (b).

he curves are shown in Fig. 4a and b measured at 300 and at 80 K
espectively. At room temperature it shows a hysteresis behavior
ith no coercive field and remanence which indicates superparam-

gnetic characteristic of the particles. As individual Ni nanoparticles
re very small in size so they are superparamagnetic in nature.
t is well known that small ferromagnetic single domain particles
ehave as superparamagnetic entities. The flower like particles are
omposed of small ferromagnetic clusters of Ni, where the clusters
re so small that the magnetic moment can randomly flip direction
ue to thermal fluctuations. As a result, the material as a whole

s not magnetized except in an externally applied magnetic field
hus they behave as superparamagnetic. But at low (80 K) temper-
ture it shows ferromagnetic nature with coercivity ∼80 Oe. With
he decrease of temperature, the thermal fluctuation decreases due
o freezing behavior of magnetic moment. Such low temperature
annot flip the magnetic moment freely and therefore a residual
agnetization remain at zero applied field and it shows rema-

ence of ∼2.5 emu/g as well as coercivity of ∼80 Oe. FC–ZFC curves
ere also taken at applied field 100 Oe from temperature range
0–400 K. The curves are shown in Fig. 5. It is very difficult to say
he exact blocking temperature from our FC and ZFC curves, how-
ver, one can say from these curves that blocking temperature is
ithin 110–120 K. We know for an assembly of mono-dispersed,
Fig. 6. Fitting of experimental curve of coercivity [HC(T)] vs. temperature (T) with
Eq. (1). Inset shows linear behavior of coercivity [HC(T)] vs. T1/2 plot.

non-interacting, ferro or ferrimagnetically ordered single domain
particles, the temperature dependence of coercivity HC(T) can be
expressed as [22]

HC(T) = HC(0)

(
1 −

(
T

TB

)1/2
)

. (1)

where Hc(T) is coercivity at temperature T and TB is the blocking
temperature.

With the help of above equation the blocking temperature can be
estimated from temperature dependence of coercivity curve (Fig. 6).
From Fig. 6, we can see that the HC decreases with the increase of
temperature. We fitted the experimental curve [HC(T) vs. T)] with
Eq. (1) and obtained the value of TB about 117 K.

4. Conclusion
a negatively charged micelles SDS and its structure, shape and
magnetic properties were investigated. Particles show super-
paramagnetic behavior at room temperature with blocking
temperature about 117 K. This kind of SDS micelles incorporated
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io-functionalized, superparamagnetic material may show a poten-
ial applicability in biology in near future.
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