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ABSTRACT 
 

Superparamagnetic iron oxide (SPIO) nanoparticles have 
demonstrated their practicability as MRI T2-shortening 
agents for non-invasive cell labeling, drug delivery or 
tumor detections in clinical practice. Recently, 
superparamagnetic chemically disordered face-centered 
cubic (fcc) FePt nanoparticles has also been demonstrated 
as superior negative contrast agents for MRI. 
Superparamagnetic FePt nanoparticles, which show high 
saturation magnetization (MS) compared to SPIO, are 
expected to be a high performance nanomagnet for 
magnetic medicine. However, the conventional complicated 
synthesis procedure and hydrophobicity has limited the 
potential usage in vitro, in vivo and in clinic. In this work, 
the simple microwave heating method was utilized for the 
controlled synthesis of FePt nanoparticles using Fe(acac)3 
and Pt(acac)2 as the main reactants in tetra-ethylene glycol. 
The advantages of this process are its simplicity, the short 
reaction time and easy preparation. The structure and 
composition of the FePt nanoparticles were characterized 
by XRD, TEM and magnetic measurements. 

By varying the Fe/Pt ratio, power and irradiation time, 
the microwave assisted synthesis has shown a significant 
advantage for the rapid production of monodisperse fcc 
FePt nanoparticle. The prepared FePt nanoparticles can be 
further capped by cysteine to improve their water solubility. 
Moreover, magnetic resonance relaxometry reveals that 
Cys-capped FePt nanoparticles have a high T2-shortening 
effect that can induce sufficient cell MRI contrast.  
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1 INTRODUCTION 
 

Superparamagnetic iron oxide (SPIO) nanoparticles have 
been demonstrated their practicability as MRI T2-shortening 
agents for non-invasive cell labeling, drug delivery or 
tumor detections in clinical practice [1, 2]. However, low 
intracellular labeling efficiency and nanotoxicity of SPIO 
has limited their potential usage.[3, 4] Recently, 
bifunctional contrast agents for both optical and MR 
imaging have been developed to function as good imaging 
probes in vitro and in vivo [5-7] and the nanotoxicity of 

SPIO is suppressed by particular surface modification [8]. 
Thus, proper modifications of SPIO have been considered 
as a promising strategy to improve the aforementioned 
problems.  

Long range ordered L10 FePt films have been studied 
extensively and thought to be a promising candidate for 
ultra-high-density magnetic recording media due to its high 
magneto-crystalline anisotropy (Ku). The magnetization 
thermal instability or superparamagnetic effect is delayed 
due to their very small critical grain size of around (3-5nm). 
However, when FePt nanoparticles are disordered with face 
centered cubic (fcc) structure, they exhibit 
superparamagnetic property under critical size.         
Superparamagnetic FePt nanoparticles, which show high 
saturation magnetization (MS) compared to SPIO, are 
expected to be a high performance nanomagnet for 
magnetic medicine [9, 10]. In particular, the potential of 
FePt nanoparticles as a MRI contrast agent has been 
demonstrated [11]. Thus, the T2 contrast agent using 
superparamagnetic FePt nanoparticles seems to be a 
promising nanomaterial for MRI.  

Microwave-assisted heating is becoming a common 
method for rapid synthesis. Hence, in this study we utilized 
the simple microwave heating method for the synthesis of 
superparamagnetic FePt and evaluated their potential 
application for MRI application. 

 
2 EXPERIMENTAL PROCEDURE 

 
2.1 Synthesis of FePt  

The synthesis of fcc FePt nanoparticles involving 
simultaneous chemical reduction of Pt(acac)2 and Fe(acac)3 
by microwave heating at high temperature in tetra-ethylene 
glycol (TEG, b.p. 327.3 ) solution phase was followed as 
described previously [12]. In brief, Fe(acac)3 ,Pt(acac)2, 
oleylamine and oleic acid were mixed with TEG in an inert 
atmosphere of argon gas. All chemicals were weighed, 
placed into reaction flasks. The mixture was sonicated at 60

 for 1 h before transferring into the microwave apparatus. 
The reaction was done after heating by microwave 
apparatus (900 W) for 30-50 min under N2. In the post 
reaction treatment, the black, solid product was separated 
by centrifugation, washed with ethanol and dried under 
vacuum at room temperature. The synthetic conditions of 
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FePt synthesis including molar ratio (Fe(acac)3 / Pt(acac)2) 
and heating time were shown in Table 1. 

 
Table 1: Synthetic conditions of FePt synthesis 
Molar ratio of 

Fe(acac)3 : Pt(acac)2 
Heating time 

(min) 
Power 
(W) 

30 
40 

 
2:1 

 50 

 
900 

 
 

2.2 Characterization of FePt  

After purification, the product was characterized by X-
ray powder diffraction (XRD) analysis, transmission 
electron microscopy (TEM), vibration sample 
magnetometer (VSM) and T2 enhancing relaxivity analysis 
(Varian 300 MHz NMR). The iron content of the FePt was 
determined using an atomic absorbance spectrophotometer 
(Dionex ICS-90, USA) 

 
3 RESULTS 

 
Superparamagnetic FePt NPs were synthesized under 

900w microwave heating from 30 min to 50 min in this 
study. Fig. 1 shows the X-ray diffraction (XRD) patterns of 
FePt nanocrystals prepared with different time by 
microwave. The XRD pattern for superparamagnetic FePt 
nanocrystals shows the FePt (111) and (202/200) peak 
(40.9°; 69.7°). These results indicate that the sample is FePt 
disordered fcc phase.  

 

 
Fig. 1: X-ray diffraction patterns of FePt nanocrystals 
(precursor’s molar ratio; Fe(acac)3 : Pt(acac)2 is 2:1 ) in 
different heating time under 900w microwave heating.  

 
Fig. 2 shows the VSM curves of FePt NPs. It is 

indicated that the prepared FePt revealed different 
saturation magnetization with different heating time. FePt 
prepared with 50 min microwave treatment at 900W 
exhibited the better superparamagnetic property and that 

prepared with 40 min microwave treatment shows the 
largest saturation magnetization. There is no correlation 
among feed ratio, heating time and heating energy. 
However, comparing to the traditional synthetic procedure, 
the FePt synthesis using microwave-assistance decreases 
the reaction time in 1 h.  

 

 
 
Fig. 2: VSM curves of FePt (precursor’s molar ratio; 

Fe(acac)3 : Pt(acac)2 is 2:1 ) treated with different 
time under 900w microwave heating. 

 
Next, the prepared FePt nanoparticles were capped by 

cysteine to improve their water solubility. Fig. 3 shows The 
TEM image shows the morphology of FePt nanoparticles 
(precursor’s molar ratio; Fe(acac)3 : Pt(acac)2 is 2:1 ) which 
heating 40 minutes by 900w microwave. The average 
diameter is about 3 nm (average diameter : 2.99nm). The 
particle diameter of FePt was not increased with the molar 
ratio of Fe(acac)3 and Pt(acac)2 (2:1, 2.5:1, 3:1) (data not 
shown). Besides, in vitro results indicated the FePt 
nanoparticles might be taken up by cells via endocytosis. 
No significant cytotoxicity was observed after 500 M FePt 
nanoparticles incubation for 72h in HeLa cells (over 70% 
cell survival) (data not shown). 

 
The T1 and T2 values obtained from cysteine-capped FePt 

dispersed in pure water was evaluated by Varian 300 MHz 
NMR. The inverse relaxation times of our results were 
almost linearly proportional to the concentration of FePt 
nanoparticle as previous report [11]. Consequently, the R1 
(longitudinal relaxivities) and R2 (transverse relaxivities) 
values of dispersed in pure water were determined to be 5.7 
and 396.1 for FePt nanoparticles. The higher the R2/R1 
relaxivity ratio, the higher is the T2 effect and the signal 
decrease on T2-weighted images. For FePt nanoparticles, 
the R2/R1 relaxivity ratio was found to be 69.5. Resovist 
(Schering AG, Berlin, Germany), a carboxydextran-coated 
SPIO commercial MRI contrast agent for liver-specific 
MRI, shows a high relaxivity ratio R2/R1 ~ 9.6 (R1 = 19.4 s-1 
mM-1 and R2 = 185.8 s-1 mM-1). Comparing with Resovist, 
FePt nanoparticles exhibited a superior T2-shortening ability. 
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Fig. 3: Photo and TEM image of FePt-cys nanoparticles 

(precursor’s molar ratio; Fe(acac)3:Pt(acac)2 is 2:1 ) which 
heating 40 min by 900w microwave. 

 
By varying the Fe/Pt ratio, power and irradiation time, 

the microwave assisted synthesis has shown a significant 
advantage for the rapid production of monodisperse fcc 
FePt nanoparticle. The prepared FePt nanoparticles can be 
further capped by cysteine to improve their water solubility. 
Moreover, magnetic resonance relaxometry reveals that 
Cys-capped FePt nanoparticles have a high T2-shortening 
effect with diameter ~3 nm that can induce sufficient cell 
MRI contrast. 

 
4 CONCLUSION 

 
The advantages of this microwave heating process are 

theirs simplicity, the shorter reaction time and easy 
preparation. The longitudinal and transverse proton 
relaxation times obtained superparamagnetic FePt 
nanoparticles was measured. The R2/R1 relaxivity ratio of 
superparamagnetic FePt NPs was found to be 7.24 times 
larger than that of conventional SPIO-based MRI contrast 
agent. FePt synthesis with Fe/Pt ratio, power and 
microwave irradiation time has been investigated and the 
prepared superparamagnetic FePt can play as a T2 contrast 
agent for MRI application. 
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