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ABSTRACT 
Monodisperse CoPt3 nanocrystals (NCs) have been synthesized in oleylamine solution by an organic solvothermal 
method. The NCs were ellipsoidal particles with a diameter around 6.6 nm and length around 10 nm with a 
good single crystal structure. Using CoPt3 NCs as catalysts, large-area boron nanowires with diameters ranging 
from 30 to 50 nm were successfully prepared by chemical vapor deposition using a C/B/B2O3 mixture as the 
precursor. Structural analysis indicated that these nanowires were single crystalline with a β-rhombohedral 
structure. Measurement of the field emission properties of boron nanowire films showed that the boron nanowires 
have good field emission characteristics. 
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1. Introduction 

Magnetic nanocrystals (NCs) have attracted much 
attention due to their unique physical and chemical 
properties and potential applications in ultrahigh 
density magnetic recording media [1, 2], catalysis [3–5], 
biological labeling [6, 7], and magnetic resonance 
imaging [8, 9]. Among these nanocrystals, CoPt 
bimetallic alloy NCs are an important material by 
virtue of their high anisotropy, chemical stability, high 
Curie temperature [10–13], and good electrocatalytic 
activity [14–16]. Such properties allow these bimetallic 
magnetic NCs to be not only employed in magnetic 
recording devices but also as catalysts to grow one- 
dimensional nanostructured materials. It has been 
found that their catalytic activity can be improved by 
modifying their electronic and surface properties [17]. 

Most recently, the preparation of carbon nanotubes 
(CNTs) using bimetallic magnetic NCs as catalysts has 
been reported by several different research groups— 
for example, Kockrick et al. prepared magnetic MPt 
nanoparticles inside the pores of ordered mesoporous 
silica and carbon materials as advanced bifunctional 
catalysts [18], and Schäffel et al. obtained homogenous 
and clean CNTs using FePt nanoparticles as catalyst 
particles [19]. Similarly, vertically aligned carbon 
nanofibers [20], multiwalled CNTs [21], and single- 
or double-walled CNTs [22] have also been prepared 
using different bimetallic magnetic nanoparticles as 
catalysts. In general, previous research indicates  
that control over the size, shape, and composition  
of bimetallic magnetic NCs is very important for 
controlled aggregation of NCs in the synthesis of 
one-dimensional nanostructured materials [23], and  
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this remains a challenging problem. In the last few 
years, much effort has been devoted to developing new 
synthesis techniques for CoPt nanocrystals, including 
simultaneous reduction of platinum(II) acetylacetonate 
(Pt(acac)2) and decomposition of Co2(CO)8 in organic 
solvents [24, 25], polyol-reduction of Pt(acac)2 and 
Co(CH3COO)2 [26, 27], and co-reduction of CoCl2 and 
PtCl2 using strong reducing agents in phenyl ether  
solution [28].  

Here, we report the successful synthesis of mono- 
disperse CoPt3 NCs in oleylamine at 300 °C. Unlike 
previous work, here oleylamine plays a critical role, 
as reaction solvent, surfactant, and co-reducing reagent 
in the process of the formation of CoPt3 NCs. This is a 
simple route to synthesize metal NCs with the usual 
phenyl ether solvent replaced by oleylamine at a lower 
cost. The resulting ellipsoidal CoPt3 NCs have a narrow 
size distribution very near 6.6 nm in diameter and 
10 nm in length. Using monodisperse CoPt3 NCs as 
catalysts, large area boron nanowires (BNWs) have 
been synthesized through a simple chemical vapor 
deposition (CVD) method. This is the first report  of 
the utilization of CoPt NCs for the synthesis of BNWs. 
Due to their lower eutectoid temperature, CoPt3 NCs 
can achieve better catalytic activity than Fe3O4 NPs, 
while reducing the cost of BNW synthesis compared 
with that when using pure Pt NPs. The diameters  
of the BNWs ranged from 30 to 50 nm and were 
single crystalline with a β-rhombohedral structure. 
Measurement of their field emission properties showed 
that BNWs prepared this way are a promising candidate  
for use in cool cathode devices. 

2. Experimental 

2.1 Materials 

Cobalt(III) acetylacetonate (Co(acac)3), platinum(II) 
acetylacetonate (Pt(acac)2), oleylamine (OAm), hexane, 
and 1,2-hexadecandiol were purchased from Sigma– 
Aldrich. All chemical reagents were used without  
further purification. 

2.2 Synthesis of CoPt3 nanocrystals 

1.0 mmol of Co(acac)3, 1.5 mmol of Pt(acac)2, 10 mmol 
of 1,2-hexadecandiol, 0.5 mmol of oleic acid, and 20 mL  

of oleylamine were mixed in a 100 mL flask and 
stirred under a flow of nitrogen at 120 °C for 20 min. 
Then this mixed solution was heated to reflux at 
300 °C for 2 h. The solution was cooled down to room 
temperature after removing the heat source. 40 mL of 
ethanol was added into the solution, and CoPt3 particles 
were separated by centrifugation at 8000 r/min for 
5 min. The as-prepared CoPt3 particles were dispersed  
in hexane. 

2.3 Fabrication of boron nanowires with CoPt3 NCs 
as a catalyst 

B powder (99.9%), B2O3 powder (99.99%), and carbon 
powder (99.9%) with mass ratio of 4:2:1 were milled 
together. Then this precursor mixture was transferred 
into an alumina boat. 50 μL of CoPt3 NCs solution in 
hexane (15 mg/mL) was dropped on the surface of a 
Si (111) wafer and dried in air. The CoPt3 NCs-covered 
Si (111) wafer was placed in an alumina boat, lying in 
front of the precursor mixture. Then the alumina boat 
was put into a horizontal tube furnace. When the 
system was pumped below 10 Pa, a H2/Ar mixed gas 
(10%, v/v%) was introduced at a flow rate of 50 sccm 
(sccm denotes cubic centimeters per minute at STP) for 
30 min which was subsequently decreased to 30 sccm. 
The system pressure was increased to 3 × 102 Pa. Then 
the furnace was heated to 1100 °C at a rate of 5 °C/min 
and the system pressure was maintained at 8 × 103 Pa. 
After reaction for 2 h, the furnace was cooled down 
to room temperature at a rate of 5 °C/min. A brown-  
black product was found on the Si substrate. 

2.4 Characterization 

Morphologies of samples were examined by field- 
emission type scanning electron microscopy (FE-SEM) 
(XL30 SFEG, FEI Corp.). The size and crystal structure 
of CoPt3 nanocrystals were observed by transmission 
electron microscopy (TEM) (JEM-200CX, JEOL Corp.) 
and high-resolution transmission electron microscopy 
(HRTEM) (Tecnai G2 F20, FEI Corp.). X-ray diffraction 
(XRD) patterns were recorded on a Rigaku D/max-RC 
X-ray diffractometer using Cu Kα radiation (λ = 1.540 Å). 
The mapping images of NCs were determined using 
HRTEM. The magnetic properties of CoPt3 particles 
were measured by a high sensitivity vibrating sample 
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magnetometer (VSM) (Model 7404, Lakeshore) with  
fields up to 1.5 Tesla at room temperature. 

3. Results and discussion 

The CoPt3 NCs were prepared by simultaneous 
reduction of Pt(acac)2 and Co(acac)3 using oleylamine 
as a solvent, which also contained oleic acid and 
1,2-hexadecandiol. The morphology and size of CoPt3 
NCs were analyzed by TEM and HRTEM. Figure 1 
shows a TEM image of CoPt3 NCs. It can be seen  
that CoPt3 NCs have good monodispersivity. Each 
nanocrystal is separated from its neighbors by an 
organic ligand (oleic acid and oleylamine) shell. Unlike 
the spherical shape of CoPt3 NCs reported in previous 
work, the shape the CoPt3 NCs is ellipsoidal. The 
average diameter and length of NCs were 6.6 nm and 
10 nm respectively. The HRTEM image of a single 
CoPt3 (inset of Fig. 1) shows that the nanocrystal has 
a single crystalline structure without observable defects. 
The lattice fringes have a separation of approximately 
0.231 nm, which is close to interplanar distance of the 
{111} planes in the face-centered cubic structured CoPt3. 

The X-ray diffraction pattern of CoPt3 NCs is shown 
in Fig. 2. CoPt3 NCs show the typical fcc structure with 
diffraction peaks at 40.27°, 46.88°, 68.11°, 82.56°, and 
87.10°, corresponding to (111), (200), (220), (311), and 
(222) crystal planes of bulk CoPt3, respectively. The  

 
Figure 1 TEM image of CoPt3

 NCs prepared using oleylamine 
as solvent. Which shows that the CoPt3

 NCs have narrow size 
distribution. The inset of the figure shows a HRTEM image 

 
Figure 2 XRD pattern of monodisperse CoPt3

 NCs. The CoPt3
 

NCs have fcc crystal structure 

strong and sharp diffraction peaks indicate CoPt3 NCs  
have a good crystallinity. 

In order to confirm the composition of the CoPt3 
NCs, energy-dispersive X-ray spectroscopy (EDX) 
was used to analyze the atomic ratio between the Co 
and Pt in the NCs. The result is shown in Fig. 3(a). The 
atomic ratio of Co to Pt is 27:73, nearly 1:3. Further 
measurement was carried out by scanning transmission 
electron microscopy combined with energy dispersive 
X-ray spectroscopy (STEM-EDX) line scans to study the 
distribution of Co and Pt in the CoPt3 NCs (Fig. 3(b)). 
It can be seen clearly that the CoPt3 NCs show single 
Gaussian distributions of X-rays across the particle 
for both elements. Figures 3(c) and 3(d) are STEM-EDX 
line scan patterns of Pt and Co, respectively. Both 
elements are uniformly distributed in the NCs, which  
reveals that the NCs are alloys. 

The magnetic properties of CoPt3 NCs were 
investigated using VSM. A plot of the magnetization 
of CoPt3 NCs as a function of the applied field at 
room temperature (300 K) is shown in Fig. 4. The 
CoPt3 NCs showed superparamagnetic characteristics. 
The magnetization of CoPt3 NCs reached 20 emu/g,  
which is consistent with previous reports. 

One important application of magnetic NCs is as  
a catalyst to grow one-dimensional nanostructured 
materials in a CVD system. Nevertheless, there have 
been few reports of the CoPt3 NC-catalyzed pre- 
paration of one-dimensional nanostructured materials. 
In the present work, we successfully prepared single 
crystalline BNW films with a pure β-rhombohedral  
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Figure 4 The room-temperature hysteresis loops of CoPt3

 NCs 
prepared using oleylamine as solvent. The CoPt3

 NCs show super- 
paramagnetic characteristics at room temperature 

structure using CoPt3 NCs as catalysts. Typical 
morphologies and microstructures of the BNWs are 

shown in Fig. 5. Large-scale BNWs were found on a 
Si (111) substrate after growth for 2 h. The diameter 
of the BNWs had a narrow distribution. The nanowires 
were tens of micrometers long and 30–50 nm wide, 
with random growth directions (Figs. 5(a) and 5(b)). 
In Fig. 5(c), the presence of a catalyst particle at the tip 
of a nanowire is good proof of a vapor–liquid–solid 
(VLS) mechanism, in which the liquid–solid interface 
offers a preferential end of nanowire growth. Above 
a temperature of 850 °C, CoPt3 separates into a solid 
solution of Co and Pt, both of which serve as 
catalysts. The latter even affords a continuous liquid 
phase until 1100 °C according to Co–Pt, Co–B, and Pt–B 
binary phase diagrams [29]. In the case of Fe3O4, the 
actual catalytic element is Fe itself, which has a higher 
eutectic temperature and much smaller corresponding 
liquid phase area [29]. The detailed crystal structure 
of the nanowires was further characterized by TEM,  

 
Figure 3 Energy-dispersive X-ray spectra and STEM-EDX line spectra of CoPt3 NCs, indicating that the atomic ratio of Co to Pt is 1:3
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Figure 5 Typical SEM and TEM images of boron nanowires 
grown using CoPt3

 NCs as a catalyst; (a) low magnification SEM 
image of boron nanowires; (b) high magnification SEM image; 
(c) high resolution SEM image of boron nanowires; (d) TEM image 
of a single boron nanowire; the lower right-hand corner inset shows 
a HRTEM image of the boron nanowire; the top left-hand corner 
inset shows the SAED pattern of the boron nanowire 

HRTEM, and selected area electron diffraction (SAED). 
The results are shown in Fig. 5(d). The diameters of the 
BNWs are about 50 nm. The diameters of the BNWs 
are consistent with the size of CoPt3 catalyst NPs 
after aggregation at high temperature, which resulted 
in an increase in the size of the NPs (see Fig. S-1 in 
the Electronic Supplementary Material (ESM)). The 
HRTEM image of a BNW indicates that the nanowire 
has clear lattice fringes and the spacing d between the 
adjacent growth planes is 0.511 nm, which matches 
well with the value of the {121} facet of the rhomb- 
centered hexagonal boron structure from the JCPDS 
card (PDF #85-0409) [30]. The SAED pattern of BNW 
(the inset of Fig. 5(d)) shows that it has a single 
crystalline structure as indicated by the sharp 
diffraction spots. HRTEM and SAED analysis indicate  
the growth direction of the BNWs is along {121}. 

A modified FE-SEM system was used to perform 
field emission analyses on the CoPt3 NC-catalyzed 
BNW films. The sample, as a cathode, was first 

attached to the side face of a stainless steel triangular 
prism with conductive glue, then passed and fixed 
into a 5D direction controller by a magnetic sample 
transfer pole. A molybdenum probe with tip diameter 
of 1 mm located in the vacuum chamber functioned 
as an anode. During the measurements the vacuum 
gap between the two electrodes was set to 200 μm by 
a stepper with 10 μm accuracy while the base pressure 
was maintained at 2.1 × 10–5 Pa. The emission current 
was measured by a picoammeter (Keithley 485) with a 
ballast resistor of 10 MΩ, which was used to protect the 
apparatus against high current discharge. Figure 6(a) 
shows the relationship between current density J and 
applied field E. It can be seen that the turn-on field 
(defined as the applied field at 10 μA/cm2 current 
density) is 9.0 V/μm and the threshold field (defined 
as the applied field at 1 mA/cm2 current density) is 
14 V/μm. This turn-on field value of BNWs is higher 
than that of graphitic nanocones（4 V/μm) [31], and 
ZnO nanoroses (4.3 V/μm)[32], but better than that  
of other reported nanostructures including In2O3 
nanowires (10.7 V/μm) [33], AlN nanocones (12 V/μm) 
[34], and GaN nanowires (5.9 V/μm) [35]. The screening 
effect of the high density of BNWs, the random growth 
directions of the emitters, and oxidation of the silicon 
substrate surface during the experiment due to the 
unavoidable presence of traces of oxygen, are possible 
explanations for the moderate turn-on field. Tip 
morphology, vacuum degree and vacuum gap may also  
account for the field emission characteristics. 

The J–E relationship was analyzed by the well-known 
Fowler–Nordheim (F–N) theory for semiconductors, 
described by the equation [33, 36–38]: 

β φ
φ β

⎛ ⎞ ⎛ ⎞ ⎛ ⎞Δ − Δ
= − −⎜ ⎟ ⎜ ⎟ ⎜ ⎟

⎝ ⎠⎝ ⎠ ⎝ ⎠

2 2 2 / 3

exp exp
2

S PE B W WJ A
E kT

 

where J is the emission current density, E is the applied 
electric field, φ is the work function of emitter (φB = 
4.5 eV), and A and B are constants with values of 

φ
− ⎛ ⎞

× × ⎜ ⎟⎜ ⎟
⎝ ⎠

6 10.41.5 10 exp  and 6.44 × 107, respectively. β is 

usually called the field emission enhancement factor 
and reflects the ability of an emitter to enhance the 
local electric field at the tip. The last exponential is a 
correction of the surface potential configuration, which  
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is very important as far as the tunneling of electrons 
is concerned. k is the Boltzmann constant and T is the 
absolute temperature. ΔWS is the surface potential 
barrier increment due to surface states from absorption 
of impurity atoms and ΔWP is the surface potential 
barrier decrement resulting from field penetration 
without surface screening. The plot of ln (J/E2) against 
1/E for the BNW film (in the insert of Fig. 6(a)) is 
characteristic of a standard field emission process. 
Before the inflexion, the curve is a good fit with the 
F–N model which means that the current originates 
from electron tunneling through the surface barriers 
reduced by the external electric field. This F–N plot 
can be roughly divided in to three regions, as indicated 
by arrows in Fig. 6(b). Region 1 corresponds to a low 
electric field, where field emission is dominated by 
the screening of surface states. In region 3, the field 
penetration finally breaks down the surface potential  

barrier and governs the field emission. Region 2 is a 
transition state between regions 1 and 3, where the 
current rises rapidly with applied field. This is a result 
of competition between screening of surface states 
and field penetration. The enhancement factor β 
estimated according to the slope k of linear region 2,  

where φ
β

− ×
=

7 2 / 36.44 10k , is about 103. 

4. Conclusions 

Monodisperse CoPt3 NCs have been synthesized in 
an oleylamine solution by an organic solvothermal 
method. The CoPt3 NCs are ellipsoidal particles with 
diameters of ca. 6.6 nm and lengths of ca. 10 nm. The 
CoPt3 NCs have a good single crystal structure. Using 
CoPt3 NCs as a catalyst, high density and single 
crystalline BNWs have been successfully fabricated 

 
Figure 6 (a) Field emission J-E curve of the boron nanowires; the inset is the corresponding F–N plot. (b) Three regions of the F–N plot;
the inset is the linear fit of region 2. (c) Energy band diagram near the surface of p type semiconductor affected by surface states and field
penetration, the competition between which two leads to the existence of 3 regions in F-N plot (b) 
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through a carbon thermal reduction CVD route using 
C/B/B2O3 mixed powders as precursors in an H2/Ar 
mixed gas environment at a reaction temperature of 
1100 °C. The BNWs have a diameter of 30–50 nm and 
a β-rhombohedral structure with a growth direction 
of {121}. BNW thin films have good field emission 
characteristics. These experimental results suggest 
that the BNWs are promising can- didates for use in 
nanoscale cool cathode materials in flat panel display  
devices. 
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