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Abstract: Nanoparticle compositions of noble metals Pt, Au and magnetite Fe;O4 were
produced by the extractive-pyrolytic method (EPM). The phase composition, the size and the
magnetic properties of all samples were investigated by an X-ray diffractometer, a
transmission electron microscope and a vibration sample magnetometer, respectively.
Formation of the nanocomposite particles was confirmed by the above-mentioned
investigations.

1. Introduction

Composite nanoparticles with two or more functional phases in each particle significantly
enhance the functions of nanoparticles. Composites containing nanosized particles of noble
metals on oxide carriers such as Al,O;, MgO, TiO,, SiO;, Fe,O; are widely used in
heterogeneous catalysis [1]. Synthesis of composite magnetic nanoparticles with noble metal
is a promising method to create a new type of material, which can be manipulated by an
external magnetic field. Therefore, presently great attention is paid to the preparation and
study of catalytic and magnetic properties of such composites [2-7]. The extractive-pyrolytic
method (EPM) is a promising new method for the preparation of oxides [8] and composite
materials containing nanoparticles of noble metals [9, 10]. The EPM allows quickly and
simply (without the use of complex hardware design) to obtain nanoscale metal particles in
various media. The aim of this work was to obtain composite Pt/F304 and Au/F304 magnetic
nanoparticles by the EPM, and investigate the phase composition, morphology and magnetic
properties of the composites.

2. Experimental

In order to produce Pt/Fe;04, Au/Fe;O4 composites, at the first step a magnetite magnetic
fluid (MF) was prepared by the wet chemical method [11] with toluene as a carrier liquid and
with oleic acid as a surfactant. A magnetite phase powder specimen was produced by the
method of vacuum evaporation of the carrier liquid of MF at 323 K. For the synthesis of noble
metal-magnetite nanocomposite, some volume of n-trioctylammonium salt solution in toluene
with a certain concentration of noble metal was added to the given mass of MF or
nanoparticle powder. Then the mixture was stirred, dried and subjected by pyrolysis by
heating from room temperature to the 673 K and cooled at room temperature. To a portion of
the 3.8 wt% powder sample Fe;O4/Pt a mixture of oleic acid and oleylamine was added. The
sample was then placed into a ball mill and subjected to grinding during 170 hours. Afterward
the product was transferred to undecane. A stable magnetic fluid MF-1 was produced with the
magnetization 7 emu/g and the magnetite mean sizes 18 nm and 8§ nm of immobilized
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platinum particles on it. Magnetic properties of the colloid and of all powder samples were
measured by a vibration sample magnetometer (VSM) (Lake Shore Criotronic Co., model
7404 VSM) in fields up to 1 T. The specific magnetization, the spectrum of particle magnetic
moments as well as the magnetic size of nanoparticles were obtained from the magnetization
curve of the MF sample. The specific magnetization and coercivity of the solid phase were
determinate from the magnetization curves of relative powder specimens. The phase
composition of Pt, Au-containing composites was characterized by an X-ray diffraction
method using a diffractometer D8 Advance (Bruker Corporation) with CuKa radiation (A =
1.5418A). The mean size of platinum and gold crystallites was defined from the (111) peak
width by the Scherrer method. The morphology of the composite nanoparticles and sizes of
noble metal nanoparticles were observed by a transmission electron microscope (TEM) using
the JEOL JEM 2100 operating at 200 kV.

3. Results and discussion

The X-ray image of the magnetic particle powder obtained from the magnetic fluid showed a
perfect face-centered crystalline spinel structure. During the pyrolysis reaction with increased
temperatures, some ferrous ions oxidized to ferric ones and formed hematite because the
reactions were conducted in an open vessel.

Fig. 1 shows the typical XRD spectra of the composite nanoparticles F304/ Pt 3.8 wt%.
In all the patterns with the concentration of noble metal > 1 wt% a significant peak due the
definitely metallic phase of noble metal was observed. All curves in the pattern obviously
showed two sets of strong diffraction peaks, indicating that the synthesized products were
composite materials having good crystallinity and high purity. If the introduced noble metal
concentration in the precursor was less than 1 wt%, in the final product after pyrolysis the
noble metals were X-ray amorphous. The increasing of the Au content in the composite
caused the formation of large metal crystallites (up to 60 nm). When the platinum content
increased from 1.1 wt % to 7.4 wt %, the carrier phase composition did not change, and the
final product contained basic phase - magnetite and hematite as an admixture. The platinum
metal nanoparticles with the mean size less than d < 10 nm were immobilized on magnetite
particles.
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Figure 1: Typical X-ray diffraction pattern of Pt-containing composite nanoparticles:
1 — Fe30y4, 2 — a-Fe,03, 3 — Pt.



Fig. 2 (a) displays a typical TEM micrograph of the Fe;O4/ Pt 7.4 wt% composite.
Smaller particles’ images with stronger contrast show platinum metal, indicating their good
dispersion on the surface of larger magnetite nanoparticles observed with weaker contrast.
Fig. 2 (b) represents the particle size distributions of platinum metal nanoparticles
immobilized on magnetite particles.
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Figure 2: The typical TEM micrograph of composite nanoparticles of Fe;O04/Pt 7.4 wt % (a).
The size distribution of platinum nanoparticles immobilized on magnetite particles (b).
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Figure 3: Specific magnetization of the composite nanoparticles.

Fig. 3 shows the dependence of specific magnetization of the composite solid phase on
the concentration C of noble metal in the pattern at room temperature. The initial magnetite
nanoparticles’ magnetization was smaller than that of the bulk phase. This is attributed to an
increase in the disorder of the magnetic moment orientation in various sites when the
surface/volume ratio increased. With the noble metal concentration increase, the
magnetization of the powder samples increased, reached a maximum at 4 wt % and decreased



upon further increasing of the noble metal concentration. The initial increase of magnetization
apparently was due to the increasing in nanoparticle sizes after thermal treatment. The further
decrease in magnetization with the increasing concentration of noble metal was associated
with the decrease in concentration of the magnetic phase in the nanoparticle.The summarized

results of all experimental measurements are listed in Table 1.

Table 1.
Noble metal | Mean
Magnetization | Coercivity | Fe;O4 crystallite diameter of
Sample | at max. field, Oe | crystallite size | size from noble metal
emu/g from XRD, XRD, nm particles from

nm TEM, nm
MF 11.2 0 - - -
MF-1 7.0 - 18 8 -
Fe;04 powder 58.1 0 11 - -
Fe;04/Pt 65.8 134 39 amorphous 2.46
1.1 wt%
Fe;04 /Pt 64.3 51.1 20,5512 5.0 -
24 wt% phases)
Fe;04/Pt 63.5 100 63 10, 15 -
3.8 wt% (2 phases)
Fe;04/Pt 63.9 75 68 3 -
3.6 wt%
Fe;04/Pt 43.4 284 18 ~8 -
3.8 wt % after
grinding
Fe;04 /Pt 55.6 81 60 -
5.0 wt %
Fe;04/Pt 50 94 58 6, 20 4.07
7.4 wt % (2 phases)
Fe;04/Au 64.8 140 - amorphous 3.47
0.4 wt %
Fe;04/Au - - 40 60 7.85
4.9 wt %

3. Conclusions

Magnetic composite nanoparticles were produced by the extractive-pyrolytic method on the
base of magnetite and with noble metals Pt and Au as the immobilized part. The formation of
the composite nanoparticles was confirmed by XRD. TEM observation revealed that the
noble metal nanoparticles were immobilized on the surface of magnetic iron-oxide
nanoparticles. The Fe;O4/Pt particles dispersion in undecane was achieved by using
oleylamine and oleic acid as surfactants. The Fe;O4/Pt and Fe;O4/Au composite nanoparticles
can be manipulated by an external magnetic field, which is a potential for their application in
various fields.




4. Acknowledgements. This work was supported by the Latvian Science Foundation, project
Nr. 286/2002

5. References

[1] Heiz, U.; Landman, U.: Nanocatalysis, Springer, Berlin and Heidelberg and New York, 2007-2008.

[2] Lu, A.-H.; Salabas, E.L.; Schuth F.: Magnetic nanoparticles: synthesis, protection, functionalization, and
application. Angew. Chem. Int. Ed. 2007, vol.46, no.8, pp. 1222-1244.

[3]Liu, Y.; Zhou, J.; Gong, J.; Wu, W.-P., Bao, N., Pan, Z.-Q., Gu, H.-Y.: The investigation of electrochemical
properties for Fe;O4@Pt nanocomposites and an enhancement sensing for nitrite. Electrochimica Acta 111
(2013), 876-887.

[4] Semenova, E.M., Vorobyeva, S.A., Lesnikovich, A.L., Fedotova, Y.A., Bayev V.G.: Interphase synthesis of
magnetite nanoparticles with a gold shell. BSU Reports, ser. 2 (2010), no. 2, 12-16 (in Russ.).

[5] Smit, G.: Magnetite and maghemite as gold-supports for catalyzed CO oxidation at low temperature.
CroaticaChemicaActa 76, 3 (2003), 269-271.

[6] Tzitzios, V.K.; Petridis, D.; Zafiropoulou, 1.; Hadjipanayis, G.; Niarchos, D.: Synthesis and characterization
of L10 FePt nanoparticles from Pt-Fe;0, core-shell nanoparticles. J. Magnetism and Magnetic Materials 294
(2005), €95-e98.

[7] Seino, S.; Kinoshita, T.; Otome, Y.; Maki, T.; Nakagawa, T.; Okitsu, K.; Mizukoshi, Y.; Nakayama, T.;
Sekino, T.; Niihara, K.; Yamamoto, T.A.: y-ray synthesis of composite nanoparticles of noble metals and
magnetic iron oxides. ScriptaMaterialia, 51 (2204), pp. 467-472.

[8] Kholkin, A.IL; Patrusheva, T.N.: Extractive-pyrolytic method: Production of Functional Oxide Materials,
ComBook, Moscow, Russia, 2006, pp. 56-90.

[9] Serga, V.; Kulikova, L.; Cvetkov, A.; Krumina, A.: EPM fine-disperse platinum coating on powder carriers,
IOP Conf. Series: Materials Science and Engineering, 38 (2012), pp.1-4. DOI:10.1088/1757-899X/38/1/012062.

[10] Ivanov, I.; Petrova, P.; Georgiev, V.; Batakliev, T.; Karakirova, Y.; Serga,V.; Kulikova, L.; Eliyas, A.;
Rakovsky, S.: Comparative study of ceria supported nano-sized platinum catalysts synthesized by extractive-
pyrolytic method for low-temperature WGS reaction, Catalysis Letters 143 (2013) 9, pp. 942-949.

[11] Kronkalns, G.; Maiorov, M.; Blums, E.: Preparation and properties of temperature-sensitive magnetic
fluids. Magnetohydrodynamics, vol. 33 (1997), no. 1, p. 92.

[12] Grants, A.; Irbitis, A., Kronkalns, G.; Maiorov, M.M.: Rheological properties of magnetite magnetic fluid,
J.Magn.Magn.Mat., 85 (1990) 129-132.



