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Abstract.One-dimensional magnetic particles chain of polycrystalline nickel was prepared by 
chemical reduction in the presence of a magnetic field. Based on solution reduction reaction of Ni2+, 
metallic nickel was deposited and synchronously self-assembled into chains under magnetic field. 
The results show that the chain of polycrystalline nickel was several microns in length and 
approximately 500 nm in diameter. The formation mechanism of the wires was studied by taking 
samples at different time in the formation process of the nickel wires. It is suggested that the magnetic 
field be an effective and tunable way to the fabrication of one-dimensional chains of magnetic 
materials. 

Introduction 
In recent years, one-dimensional wires have been becoming the focus of intense research due to 

their potential application, such as magnetic sensors, electro optical and sensing devices and the push 
to minimize of computational devices[1]. Magnetic metal materials such as Fe[2,3], Co[4,5,6], and Ni[7-12] 
have been studied for many years. The wires composed of magnetic metal particles are drawing much 
attention. Many efforts have been concentrated on the manipulation of the magnetic metal materials 
using the magnetic field. It has been found that the magnetic field can significantly influence the 
properties of the magnetic materials [13,14]. 

In this paper, the growth and assembly behavior of nickel magnetic nanocrystallites under an 
external 0.3T magnetic field were studied. We report the synthesis of polycrystalline nickel wires 
without any template under magnetic field. In this method as soon as the polycrystalline Ni formed, it 
would be self-assembled into wires under magnetic field. Nickel would grow easily under appropriate 
supersaturation along the magnetic field into wires. The wires were nearly parallel because their axes 
were all parallel to the magnetic line of force. 

Methods 
In the experiment, all the reagents are analytical grade or higher. The experiment was carried out 

as the following steps. First, the solution containing 7.88gL-1 NiSO4, 12.72gL-1 potassium sodium 
tartrate and 5.0gL-1 sodium hydroxide was prepared. Second, put the solution in the symmetrical 0.3T 
magnetic field and heat it up to 80℃. Then the reducer hydrazine was added simultaneity with 
strongly stirring for a while. The color of the solution changed from grass-green to sea-blue. The 
reaction was beginning after 50min and stopped after 90min. Third, the nickel was washed with 
distilled water and ethanol for several times respectively. Last, the product was characterized by the 
scanning electron microscopy (SEM, LEO, 1530), the transmission electron microscopy(TEM, JEOL, 
Japan, Hitachi), selected area electron diffraction pattern(SAED, JEOL, Japan, Hitachi) and X-ray 
powder diffraction (XRD) with Cu Kα radiation ( λ＝1.54056×10-10m). Magnetic hysteresis loops 
were measured by a vibrating sample magnetometer (VSM, Model 7400, LakeShore). 

The chemical reaction for the synthesis of nickel nanocrystallite can be expressed as below: 
2 -

2 4 2 22 4 2 4Ni N H OH Ni N H O+ + + = ↓ + ↑ +  
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Results and Discussion 
One drop of the suspension was carefully dipped on the silicon wafer in magnetic field for SEM 

observation. The image of the sample was shown in Figure 1 (a). The result agreed well with the 
anticipation that the wires patterned orderly on the silicon wafer. The wires were homogeneous in the 
diameter and length. The magnified image of the sample was shown in Figure 1 (b). The wire was 
about 500nm in diameter and several microns in length. There were many acicular nickel 
nanocrystallites on the edge of the wires. It is reported that the acicular nickel nanocrystallites are 
single crystal [15]. So the formation of the acicular nickel nanocrystallites might be affected by the 
crystal nucleation interaction. The chemical composition of the wires was determined using the EDX. 
In the EDX spectrum of the wires (Figure1c) the peaks of Ni was only found on the silicon. So we can 
conclude that the wires were composed of nickel element only. 

 
Figure1. (a) SEM image of the sample. (b) The magnified image of the sample.  (c) EDX spectra of 

the sample. 
The samples taking at different time in the formation of the nickel wires were observed by the 

TEM. The images were showed in Figure 2. (a) is the image of the neonatal sample . (b) is the image 
of a wire in process of formation. The wires are uniform and perfect. The wires’ diameter and length 
is corresponding to the results of SEM. The SAED pattern taken on the surface of a wire is shown in 
the Figure 2 c. The diffraction spots correspond to the (111), (200), (220) and (311) diffraction planes 
of the nickel crystal. The TEM image  (Figure 2) show that the crystallite of nickel formed at the 
beginning of the reaction then self-assembled into wires under the magnetic field. So the nickel 
changed from crystallite into polycrystalline. 

 
Figure2.TEM images of the sample. (a) (b) The image of the sample.(c) The SAED patterns taken on 

the surface of the sample. 
At the beginning of the reaction, a number of the single nickel particles formed. Then they would 

self-assemble and aggregate into a big one and the big particle would magnetize in the magnetic field. 
With the proceeding of the reaction there would be more big particles formed. These big particles 
would array along the magnetic gradient. At the same time the single nickel particles would aggregate 
to the wires under the influence of magnetic dipoles interaction in the magnetic field. So the nickel 
wires formed. The nickel wires growth mechanism was shown in figure 3. 

 
Figure3. A sketch map of the nickel wires growth mechanism. 

The polycrystalline nature of the nickel was further confirmed by XRD pattern. The XRD pattern 
(Figure 4) shows sharp peaks corresponding to the (111), (200), (220) and (311) diffraction peaks of 
the metallic Ni crystal which agreed well with the SAED result. It can be well indexed with the 
reflections of face-centered cubic Ni. We calculated by the Scherrer’s equation that the crystalline 
size is 11.2nm. The ratio among the intensity of (111), (200) and (220) diffraction peaks is 100:39:20 
and the conventional value of (111), (200) and (220) is 100:42:21. The difference between our result 
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and the conventional value can be ignored. So we can conclude that the formation of the wires isn’t 
mainly dominated by any facets. 

 
Figure4. XRD image of the sample. 

The sample was prepared for the VSM using the same method as the preparation of sample for the 
SEM. The magnetic properties of the product were investigated by VSM (Figure 5). There are two 
ways to arrange the sample in the external magnetic field. One is the wires parallel to the magnetic 
field and the other is the wires perpendicular to the magnetic field. Figure 5.a presents the applied 
field parallel to the lengthwise direction of the self-assembled wires’ structure. Its coercivity is 
173.5Oe, the saturation value of magnetization is15.6emu/g and Mr is 11.2emu/g. For comparison, b 
is perpendicular to the lengthwise direction of the wires. However its coercivity is 179.5Oe. Ms is 
12.2 emu/g and Mr is 3.8 emu/g. Ms of a is higher than b, but the coercivity of a is lower than b. The 
Mr of a is 3 times of b. It is suggested that the magnetic field would be a determinant to the wires’ 
structure and magnetic properties. 

 
Figure5 hysteresis loops measured at room temperature a: The wires were parallel to the external 

magnetic field. b: The wires were perpendicularity. to the external magnetic field 

Summary 
In conclusion, polycrystalline nickel wires with several microns in length and about 500 nm in 

diameter were formed using the magnetic field. The mechanism of the wires’ formation was studied 
by taking samples at the progress of the reaction. The magnetic field provided the attraction force 
among nickel crystallites to cause them to grow into wires. So the magnetic field played an important 
role in the formation of wires. The magnetic properties of wires were different when it was parallel to 
the magnetic field and perpendicular to the magnetic field, which might be associated with the special 
nanostructure that Ni nanocrystallites were arranged in polycrystalline wires acting as permanent 
magnetic dipoles. This method of formation of one-dimensional magnetic particle chain 
polycrystalline nickel was template-free and simple. The process could be used to fabricate large 
arrays of uniform wires of some magnetic materials and improve the magnetic properties of 
nanoscale magnetic materials. 
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