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Abstract 

 

Magnetic nanoparticles (NPs) with sizes ranging from 2 to 20 nm in diameter 

represent an important class of artificial nanostructured materials, since the NP size 

is comparable to the size of a magnetic domain. They have potential applications in 

data storage, catalysis, permanent magnetic nanocomposites, and biomedicine. 

To begin with, a brief overview on the background of Fe-based bimetallic NPs 

and their applications for data-storage and catalysis was presented in Chapter 1. 

In Chapter 2, L10-ordered FePt NPs with high coercivity were directly prepared 

from a novel bimetallic acetylenic alternating copolymer P3 by a one-step pyrolysis 

method without post-thermal annealing. The chemical ordering, morphology and 

magnetic properties were studied. Magnetic measurements showed that a record 

coercivity of 3.6 T (1 T = 10 kOe) was obtained in FePt NPs. By comparison of the 

resultant FePt NPs synthesized under Ar and Ar/H2, the characterization proved that 

the incorporation of H2 would affect the nucleation and promote the growth of FePt 

NPs. The L10 FePt NPs were also successfully patterned on Si substrate by 

nanoimprinting lihthography (NIL). The highly ordered ferromagnetic arrays on a 

desired substrate for bit-patterned media (BPM) were studied and promised bright 

prospects for the progress of data-storage. 

Furthermore, we also reported a new FePt-containing metallopolymer P4 as the 

single-source precursor for metal alloy NPs synthesis, where the metal fractions 

were on the side chain and the ratio could be easily controlled. This polymer was 
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synthesized from random copolymer poly(styrene-4-ethynylstyrene) PES-PS and 

bimetallic precursor TPy-FePt ([Pt(4’-ferrocenyl-(N^N^N))Cl]Cl) by Sonogashira 

coupling reaction. After pyrolysis of P4, the stoichiometry of Fe and Pt atoms in 

the synthesized NPs (NPs) is nearly close to 1:1, which is more precise than using 

TPy-FePt as precursor. Polymer P4 was also more favorable for patterning by high 

throughout NIL as compared to TPy-FePt. Ferromagnetic nanolines, potentially as 

bit-patterned magnetic recording media, were successfully fabricated from P4 and 

fully characterized. 

In Chapter 3, a novel organometallic compound TPy-FePd-1 [4’-ferrocenyl-

(N^N^N)PdOCOCH3] was synthesized and structurally characterized, whose 

crystal structure showed a coplanar Pd center and Pd-Pd distance (3.17 Å). Two 

metals Fe and Pd were evenly embedded in the molecular dimension and remained 

tightly coupled between each other benefiting to the metal–metal (Pd-Pd) and 

ligand π–π stacking interactions, all of which made it facilitate the nucleation 

without sintering during preparing the FePd NPs. Ferromagnetic FePd NPs of ca. 

16.2 nm in diameter were synthesized by one-pot pyrolysis of the single-source 

precursor TPy-FePd-1 under getter gas with metal-ion reduction and minimal 

nanoparticle coalescence, which have a nearly equal atomic ratio (Fe/Pd = 49/51) 

and exhibited coercivity of 4.9 kOe at 300 K. By imprinting the mixed chloroform 

solution of TPy-FePd-1 and polystyrene (PS) on Si, reproducible patterning of 

nanochains was formed due to the excellent self-assembly properties and the 

incompatibility between TPy-FePd-1 and PS under the slow evaporation of the 
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solvents. The FePd nanochains with average length of ca. 260 nm were evenly 

dispersed around the PS nanosphere by self-assembly of TPy-FePd-1. In addition, 

the orientation of the FePd nanochains could also be controlled by tuning the 

morphology of PS, and the length was shorter in confined space of PS. Orgnic 

skeleton in TPy-FePd-1 and PS were carbonized and removed by pyrolysis under 

Ar/H2 (5 wt%) and only magnetic FePd alloy nanochains with domain structure 

were left. 

Besides, a bimetallic complex TPy-FePd-2 was prepared and used as a single-

source precursor to synthesize ferromagnetic FePd NPs by one-pot pyrolysis. The 

resultant FePd NPs have a mean size of 19.8 nm and show the coercivity of 1.02 

kOe. In addition, the functional group (-NCMe) in TPy-FePd-2 was easily 

substituted by a pyridyl group. A random copolymer PS-P4VP was used to 

coordinate with TPy-FePd-2, and the as-synthesized polymer made the metal 

fraction disperse evenly along the flexible chain. Fabrication of FePd NPs from the 

polymers was also investigated, and the size could be easily controlled by tuning 

the metal fraction in polymer. FePd NPs with the mean size of 10.9, 14.2 and 17.9 

nm were prepared from the metallopolymer with 5 wt%, 10 wt% and 20wt% of 

metal fractions, respectively. 

In Chapter 4, molybdenum disulfide (MoS2) monolayers decorated with 

ferromagnetic FeCo NPs on the edges were synthesized through a one-step 

pyrolysis of precursor molecules in an argon atmosphere. The FeCo precursor was 

spin coated on the MoS2 monolayer grown on Si/SiO2 substrate. Highly-ordered 
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body-centered cubic (bcc) FeCo NPs were revealed under optimized pyrolysis 

conditions, possessing coercivity up to 1000 Oe at room temperature. The FeCo 

NPs were well-positioned along the edge sites of MoS2 monolayers. The vibration 

modes of Mo and S atoms were confined after FeCo NPs decoration, as 

characterized by Raman shift spectroscopy. These MoS2 monolayers decorated with 

ferromagnetic FeCo NPs can be used for novel catalytic materials with magnetic 

recycling capabilities. The sizes of NPs grown on MoS2 monolayers are more 

uniform than from other preparation routines. Finally, the optimized pyrolysis 

temperature and conditions provide receipts for decorating related noble catalytic 

materials. 

Finally, Chapters 5 and 6 present the concluding remarks and the experimental 

details of the work described in Chapters 2-4. 
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