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Synthesis of Snowball Flower-like Ni Nanoparticles by Negatively Charged Micelles
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Snowball-like nanoflowers of Ni have been synthesized di-
rected by negatively-charged micelles. Positively-charged or
neutral micelles can not evolve such structure. Initially, nega-
tively-charged micelles incorporate the positively-charged
Ni-ion onto its head group by electrostatic attraction and again
further attraction of surfactant on the Ni*? form a layer by layer
structure and in a repetitive fashion the surfactant and positively-
charged Ni salts form flower-like structure. By the reduction of
Ni salts the Ni nanoflowers are formed. The sizes of nanoflowers
are ca. 30 nm. The particles are superparamagnetic.

In recent years, the preparation and characterization of
nanostructured magnetic materials are receiving immense inter-
est from researchers because they exhibit unique and tunable
magnetic properties due to inherent magnetic anisotropy. The
practical application of these magnetic nanoparticles in the field
of nanotechnology is an attractive topic among researchers.
Among the different magnetic nanoparticles studied to date, Ni
nanoparticles attract special attention due to their tunable mag-
netic properties, antimicrobial effects, and catalytic functions.
People have synthesized Ni/NiO core—shell nanoparticles,! Pt
anchoring carbon-encapsulated Ni nanoparticles,> Ni/NizC
core—shell nanochain,’ etc. These kinds of material is of interest
because they are good catalyst,* useful in making nanodevices
due to excellent magnetic properties,® and applicable to nanome-
dicine.’ People are currently interested in size- and shape-con-
trolled synthesis of nanomaterials. We have synthesized many
kinds of nanomaterials with different size and shape by exploit-
ing different micelles as template.® In this paper we have report-
ed synthesis of Ni nanoparticles of snowball-like shape by a sim-
ple chemical process using sodium dodecyl sulfate (SDS) mi-
celles. Our method is simpler than other’s. We have used nega-
tively-charged micelles in an intelligent way to synthesize
snowball flower-like particles.

All chemicals were analytical grade and used without puri-
fication. A typical experiment was as follows. 30-mL acetone
and 30-mL ethyl alcohol were taken in a round bottom flask
under N, atmosphere. Nickel acetate (0.01 M) was dissolved in
30-mL sodium dodecyl sulfate micelles (SDS) solution. This
nickel acetate solution was added to the round bottom flask con-
taining acetone and ethyl alcohol. Then the desired amount of
hydrated hydrazine solution was added to it under heating
(70°C) and stirring. Then a drop of sodium borohydride solution
of very low concentration was added to initialize the reduction of
nickel acetate salt. Initially hydrated hydrazine can not reduce
the nickel acetate. But after addition of a drop of sodium boro-
hydride the mixture turned to black indicating formation of Ni
nanoparticles. Sodium dodecyl sulfate micelles consist of nega-
tively-charged head groups. To understand the mechanism of
formation of flower-like particles a similar reaction was also per-
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Figure 1. Flowchart diagram of formation mechanism of flow-
er-like Ni nanoparticles.

formed in the presence of some other micelles, like positively-
charged cetyltrimethylammonium bromide (CTAB) and nonion-
ic Triton X-100 (TX-100) micelles. Only in SDS medium snow-
ball flower-like Ni nanoparticles are formed. But when the syn-
thesis is carried out in positive or nonionic micelles such flower-
like nanoparticles are not formed. On the basis of these experi-
ments we presume a mechanism for the formation of flower-like
particles in negatively-charged SDS micelles. In the salt “nickel
acetate” the Ni is positively charged. Therefore Ni*? are attach-
ed to negatively-charged head of the SDS micelles and again
SDS surfactant are attracted to positively-charged Ni ions, then
in a repetitive way layer by layer, surfactant and Ni salts form a
flower-like structure as shown in flow chart Figure 1. After addi-
tion of reducing agent, the Ni*? ions are reduced to Ni atoms
and due to confinement of Ni clusters inside the SDS micelles
flower-like structures of Ni nanoparticles are formed.

TEM image of these flower-like nanoparticles are shown in
Figure 2. From the TEM image it is evident that all the particles
are snowball flower like and almost of uniform size on the order
of ca. 30nm. The closure view of one flower-like structure
shows, it again consists of many smaller particles around 2—
3 nm. EDX analysis shows particles are purely Ni. No other met-
als are present.

The structure of the sample was confirmed by taking XRD
spectra from X-ray diffractometer (X’Pert Pro, Panalytical) us-
ing Cu Ko radiation source. The XRD pattern taken from these
flower-shaped nanoparticles is shown in Figure 3. XRD pattern
is indexed. It shows only (111) peak corresponding to Ni. The
peak is broad in nature which indicates very small particles.
From Scherer analysis particle size was calculated and found
to be ca. 3nm. This value is consistent with the actual size of
the smaller Ni nanoparticles confined inside the micelles form-
ing snowball flower-like shape.

The magnetic properties i.e., change of magnetization were
measured by a vibrating sample magnetometer (Lakeshore,
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Figure 2. TEM image of snowball nanoflower of Ni nanoparti-
cles.
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Figure 3. XRD spectrum of snowball flower-like Ni nanoparti-
cles.

model 7144) at room temperature (300 K) with applied magnetic
field from —15 to +15kOe. The curve is shown in Figure 4. It
shows hysteresis with no coercive field and remanence which in-
dicates superparamagnetic characteristic of particles. As individ-
ual Ni nanoparticles are very small in size they are superpara-
magnetic in nature. It is well known that small ferromagnetic
single domain particles behave as superparamagnetic entities.
As flower-like particles are composed of small ferromagnetic
clusters of Ni, where the clusters are so small that they can ran-
domly flip direction under thermal fluctuations. As a result, mag-
netization of the material as a whole become zero when external-
ly applied magnetic field is zero and with increase of applied
magnetic field magnetization of material increases and reach a
saturation value thus they behave as superparamagnetic.
Snowball flower-like Ni nanoparticles were synthesized in a
negatively-charged micelles SDS and its structure, shape, and
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Figure 4. Magnetic hysteresis loop measured for Ni nano-
flower.

magnetic properties were investigated. Particles show super-
paramagnetic behavior. This kind of SDS micelles incorporated
biofunctionalized, superparamagnetic material may show a po-
tential applicability in biology in near future and method can
be utilized for synthesis of other nanomaterials for extensive
comparative study.
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