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Synthesis and magnetic properties of 
iron catalyst Fe1.5@Pt/C (Fresh)

Hyunkyung Choi1*, Jin Gyo Jung1, Hyun-Uk Park2, Eunjik Lee2, 
Gu-Gon Park2, Sung-Dae Yim2 and Chul Sung Kim1†

1Department of Physics, Kookmin University, Seoul 02707, Korea
2Fuel Cell Laboratory, Korea Institute of Energy Research, Daejeon 34129, Korea

The slow oxygen reduction reaction movement of hydrogen fuel cells is one of the challenges to be solved, 

and one of the electrode catalysts that has solved this problem is platinum. However, as the price of platinum 

rises, research on core-shell structure electrode catalysts to reduce platinum usage and increase electrochemical 

performance are actively underway. Among them, iron-platinum nanoalloy catalysts are in the spotlight. The use 

of an iron-containing core as a catalyst has the advantage of low cost by reducing the amount of platinum used, 

and it is expected that such an iron-platinum core shell can improve catalytic activity. Therefore, Fe1.5@Pt/C 

(Fresh) catalyst was prepared using sonochemical method, and crystallographic and magnetic properties of the 

synthesized catalyst were studied. 

Fe1.5@Pt/C (Fresh) used Pt(acac)2, Fe(acac)3, ethylene glycol, and Vulcan XC-72 carbon black as starting 

materials. After all the starting materials were mixed, it was placed in a horn sonicator and then was irradiated 

with an amplitude of 40 % (300 W) over 3 h. After the reaction, it was filtered and dried using distilled water 

and ethanol. Crystallographic properties of the obtained sample were analyzed using X-ray diffraction (XRD) 

using Cu-Kα rays (λ = 1.5406 Å) and a scanning transmission electron microscope (STEM). To investigate the 

magnetic properties, the M-H curve was measured at room temperature using vibrating sample magnetometer, and 

Mössbauer spectroscopy experiment was performed at 4.2 and 295 K.

Fig. 1. (a) STEM images, (b) particle size histogram and graphs of line scan profile analysis of Fe1.5@Pt/C (Fresh)
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Fig. 2. Mössbauer spectra of Fe1.5@Pt/C (Fresh) at 4.2 and 295 K.

From the XRD analysis results and the TEM images, it was confirmed that the size of the sample was 2.7 

± 0.4 mm. In addition, as a result of comparing the distribution and intensity of Pt and Fe using the line scan 

profile analysis of the STEM mode, it was confirmed that the Pt shell was coated on the Fe core by about 0.3-0.5 

nm. From the M-H curve, the coercivity was measured to be 90.7 Oe, and the magnetization of the sample at 

1.5 T was confirmed to be 0.58 emu/g. The Mössbauer spectra of Fe1.5@Pt/C (Fresh) were analyzed in order 

to verify the hyperfine interaction and state in terms of the Fe nucleus. The spectrum at 295 K was analyzed 

with 4-sets of doublet and it was confirmed that all of them were in the Fe3+ ion state. The magnetic hyperfine 

field (Hhf) at 4.2 K of magnetically ordered each sextets were measured to be Hhf(1) = 445.6 kOe, Hhf(2) = 487.3 

kOe, and Hhf(3) = 444.9 kOe. And one doublet was still observed in the spectrum at 4.2 K.
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