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Abstract NiFe2O4 nanoparticles and nanorods were

synthesized by a facile hydrothermal treatment of Ni(DS)2

(Nickel dodecyl sulfate), FeCl3, and NaOH aqueous solu-

tion at 120 �C. The products were characterized by powder

X-ray diffraction, transmission electron microscopy, and

selected area electron diffraction. The magnetic properties

were evaluated using a vibrating sample magnetometer.

The probable mechanism of the formation of NiFe2O4

nanoparticles and nanorods was discussed.

Introduction

Spinel ferrites (MFe2O4; M = Fe, Co, Ni, Mn, Zn) have

recently attracted a great deal of attention, due to both the

broad practical applications in several important fields such

as electronic devices, information storage, magnetic reso-

nance imaging (MRI), drug-delivery technology, catalysis

[1–10], and fundamental understanding of unusual prop-

erties of nanoparticles compared to those of bulk materials.

The intrinsic properties of a spinel ferrite nanoparticle are

mainly determined by its composition, size, and shape [9,

10]; so, it is desirable to develop strategies for shape-

controlled synthesis of magnetic spinel ferrites. Because of

the practical reasons mentioned above, the synthesis of

nanostructured NiFe2O4 has also attracted considerable

attention. Various methods have been developed to syn-

thesize nanocrystalline NiFe2O4, including a sonochemical

process [11], precursor techniques [12, 13], coprecipitation

[14], mechanical alloying [15], sol–gel [16–18], pulsed

wire discharge [19], shock wave [20], reverse micelle [21],

hydrothermal [22] and ultrasonically assisted hydrothermal

processes [23], polymer-pyrolysis route [24], mechano-

chemical synthesis (mechanosynthesis) [25, 26], ultrasonic

nozzle spray in situ mixing and microwave-assisted prep-

aration[27], egg white precursor route [28], combustion

reaction [29]. However, there are only a few reports on the

morphology-controlled synthesis of nickel ferrite nano-

material. Chu et al. [30] prepared NiFe2O4 nanocubes and

nanorods by a hydrothermal method. Zhang et al. [31]

synthesized NiFe2O4 nanorods via a polyethylene glycol

(PEG)-assisted route. Recently, we have synthesized

nanometer and micrometer hollow nickel spheres, CuO

nanoplatelets and nanorods, PbS cubic nanocrystals, and

CoFe2O4 nanoplatelets via using metal dodecyl sulfate

M(DS)2 (M = Ni, Cu, Pb, Co) as both the reactant and the

surfactant, respectively [32–36]. Herein, we report a novel

method for the synthesis of NiFe2O4 nanoparticles and

nanorods via hydrothermal treatment of aqueous solution

of nickel dodecyl sulfate (Ni(DS)2), FeCl3, and NaOH at

120 �C.
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Experimental section

All the regents were of analytical purity, and were used

without further purification. Ni(DS)2 are made by mixing

an aqueous of sodium dodecyl sulfate with nickel chloride,

as described in the literature [37].

The X-ray powder diffraction (XRD) pattern of the

as-prepared products was collected on a Shimadzu XD-3A

X-ray diffractometer with Cu Ka radiation (k = 0.15147

nm). Transmission electron microscopy (TEM) images and

selected area electron diffraction patterns (SAED) were

obtained by employing JEOL JEM-200CX transmission

electron microscope, using an accelerating voltage of

200 kV. Using a Lake Shore 7303-9309 vibrating sample

magnetometer performed room-temperature magnetic

characterization of the nanocrystals.

In a typical synthesis, Ni(DS)2 (0.88 g) was added to

10 mL distilled water and stirred for a few minutes at

50 �C to ensure the complete dissolution of Ni(DS)2 (the

concentration of Ni(DS)2 was 0.15 M), followed by the

addition of FeCl3 � 6H2O (0.81 g) and stirred for the dis-

solution of FeCl3 � 6H2O (the concentration of

FeCl3 � 6H2O was 0.30 M), then 10 mL aqueous solution

of NaOH containing 1 g NaOH (the concentration of

NaOH was 2.5 M) was added to the above solution and

stirred for several minutes, and the resulting mixture was
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Fig. 1 XRD pattern of the NiFe2O4 nanocrystals obtained in the

typical synthesis

Fig. 2 a TEM image of the

NiFe2O4 nanocrystals, b an

enlarge image of the NiFe2O4

nanocrystals, and c SAED

image of the NiFe2O4

nanocrystals obtained in the

typical synthesis
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poured into a 35 mL Teflon-lined stainless steel autoclave,

sealed and maintained at 120 �C for 8 h. The black pre-

cipitates were collected, washed several times with

distilled water, ethanol, and centrifuged. Finally, the

products were dried in an oven at 60 �C temperature.

NiFe2O4 nanocrystals (about 0.32 g) were obtained. The

yield for the nanocrystals is above 90%.

Results and discussion

The XRD pattern of the prepared products is shown in

Fig. 1. Eight characteristic peaks can be indexed as the

cubic structure NiFe2O4, which is accorded with the

reported data (JCPDS File No 10–0325). The peaks with 2h
values of 30.141, 35.559, 37.159, 43.179, 53.621, 57.199,

62.760, 74.320� correspond to the crystal planes (220),

(311), (222), (400), (422), (511), (440), (533) of crystalline

NiFe2O4, respectively.

The morphology and microstructure of the NiFe2O4

products were further examined with transmission electron

microscopy (TEM), selected area electron diffraction

(SAED). Figure 2a shows a typical TEM image of the

NiFe2O4 products. The TEM image in Fig. 2a reveals that

the products consist of many nanoparticles, some quasi

nanocubes, and a few nanorods. Figure 2b is an enlarged

image of the NiFe2O4 nanocrystals. The size of most

NiFe2O4 nanoparticles is about in the range of 10–35 nm,

while the size of some NiFe2O4 nanoparticles with mor-

phology of quasi cube is about in the range of 45–115 nm.

Figure 2c is a selected area electron diffraction pattern

(SAED) acquired from the assembly of NiFe2O4 nanopar-

ticles and quasi nanocubes. The diffraction rings being

indexed correspond to the crystal plane (220), (311), (400),

and (422) of NiFe2O4, respectively, showing that the

products have crystalline spinel structure. Additional dif-

fraction spots and rings of second phases have not been

found in Fig. 2c, which may reveal that there is no oxide

layer around the particles.

To learn more about the formation of NiFe2O4 nano-

particles and nanorods, we examined the effect of the

hydrothermal reaction time and the concentration of

Ni(DS)2 and FeCl3 � 6H2O on the morphology and size of

NiFe2O4 nanoparticles and nanorods. When the reaction

Fig. 3 TEM patterns of the

NiFe2O4 nanocrystals obtained

via hydrothermal treatment of

Ni(DS)2, FeCl3, and NaOH

solution at 120 �C for 4 h (a),

12 h (b), and 24 h (c). The

concentration of Ni(DS)2,

FeCl3, and NaOH was 0.15 M,

0.30 M, and 2.5 M, respectively
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time was 4, 12, and 24 h, respectively, and the other

reaction conditions were kept unchanged, we found that all

the products consisted of NiFe2O4 nanoparticles and a few

nanorods (Fig. 3a, b, and c). When the concentration of

Ni(DS)2 and FeCl3 � 6H2O decreased to 0.075 and 0.15 M

or increased to 0.26 and 0.51 M, respectively, and the other

reaction conditions were kept unchanged, we found that all

the products also consisted of NiFe2O4 nanoparticles and

nanorods (Fig. 4a, b), and the size of the nanoparticles was

also not obviously changed, but the amount of the nanorods

increased with increasing concentration of Ni(DS)2 and

FeCl3 � 6H2O (Fig. 4b). Based on the facts, we speculate

that the formation of NiFe2O4 nanoparticles and nanorods

might be relevant to functionalized surfactant Ni(DS)2 as a

soft structural template. Usually, after the concentration of

surfactant solution is higher than the critical micellar

concentration (cmc), with the concentration of surfactant

solution increasing, the spherical micelles are gradually

changed into the rodlike micelles [34]. In our experimental

system, the concentration of Ni(DS)2 is higher than the

critical micellar concentration (cmc) of Ni(DS)2

(1.2 9 10-3 M) [37], which might favor some of the

spherical micelles to change into rodlike micelles and

result in the spherical and rodlike micelles coexisting in the

system. Under hydrothermal condition, hydrophilic nickel

ions from the spherical and rodlike micelles may react with

Fe3? and OH- ions in the water, and form NiFe2O4

nanoparticles firstly, and then the nanoparticles are aggre-

gated into the NiFe2O4 nanorods in the rodlike micelles.

The detailed formation of the nanorods needs to be

investigated further.

The magnetic properties of NiFe2O4 nanocrystals

obtained in the typical synthesis were investigated with a

vibrating sample magnetometer. Figure 5 shows the mag-

netization curves measured at 300 K for the NiFe2O4

nanocrystals obtained in the typical synthesis. The satura-

tion magnetization (Ms), remanent magnetization (Mr),

coercivity (Hc) are ca.30.4 emu g-1, 4.8 emu g-1, and

87.4 Oe for the NiFe2O4 nanocrystals at 300 K, respec-

tively. The Ms of the NiFe2O4 nanocrystals is lower than

that of the corresponding bulk material (about 55 emu g-1)

[38]. Compared with the Hc value of bulk NiFe2O4

reported in literature (close to 0 Oe), the NiFe2O4 nano-

crystals exhibit larger coercivity, which should be

attributed to their nanostructure [39].

Conclusion

NiFe2O4 nanoparticles and nanorods have been success-

fully synthesized by a simple solution route using Ni(DS)2

as both a precursor and a surfactant. Along with the

increase of Ni(DS)2 solution concentration, the amount of

NiFe2O4 nanorods in the product also increased. The

magnetic measurement shows that the NiFe2O4 nanocrys-

tals obtained in the typical synthesis possess higher

saturation magnetization (30.4 emu g-1).
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Fig. 4 TEM patterns of the

NiFe2O4 nanocrystals obtained

via hydrothermal treatment of

Ni(DS)2, FeCl3, and NaOH

solution at 120 �C for 8 h. The

concentration of Ni(DS)2,

FeCl3, and NaOH was 0.075 M,

0.15 M, and 2.5 M (a), and

0.26 M, 0.51 M, and 2.5 M,

respectively (b)
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Fig. 5 Hysteresis loop of the NiFe2O4 nanocrystals obtained in the

typical synthesis at 300 K
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