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Abstract

This study addresses the challenge of low-temperature synthesis of the high-performance
L1j Fe-Pt intermetallic phase, which is critical for applications in ultra-high-density data
storage and advanced magnetic devices. We demonstrate that the choice of iron precursor
is a decisive factor in directing the phase composition and thermal evolution of Fe-Pt
nanostructures, ultimately determining their suitability as functional composite materials.
Fe-Pt systems were synthesized from aqueous solutions using platinum(IV) chloric acid
(HpPtClg) with either iron(IlT) ammonium sulfate (NH4Fe(SO,),) or iron(Il) sulfate (FeSOy).
Comprehensive characterization using X-ray diffraction and high-resolution transmission
electron microscopy revealed distinct composite formations. The iron(Ill) precursor yielded
homogeneous, thermally stable nanocomposites: as-synthesized nanoparticles formed
a Pt-based FCC solid solution (~5 nm), which upon annealing at 500 °C transformed
into a biphasic nanocomposite of FCC solid solution and an L1, FeyPty9 intermetallic
phase with minimal grain growth (~7 nm). In stark contrast, the system derived from
iron(Il) sulfate resulted in a heterogeneous composite of 4 nm Pt nanoparticles, an FCC
solid solution, and discrete 1-3 nm Fe nanoparticles with L1y-ordered FePt; domains.
Annealing this heterogeneous mixture caused phase segregation, forming significantly
coarsened Pt-rich crystals (~30 nm) that were approximately 4-6 times larger than the
crystallites in the annealed homogeneous composite, with negligible Fe incorporation. Our
findings establish that precursor chemistry dictates the initial nanocomposite architecture,
which in turn controls the pathway and success of low-temperature intermetallic phase
formation. This work provides a crucial design principle for fabricating tailored Fe-Pt
composite nanomaterials, moving beyond simple alloys to engineered multiphase systems
for practical application.

Keywords: Fe-Pt nanocomposites; iron precursor; low-temperature synthesis; phase evolu-
tion; biphasic materials; L1, intermetallic phase; structural characterization

1. Introduction

The pursuit of advanced magnetic materials for ultra-high-density data storage, per-
manent magnets, and nanomedicine drives the need for nanostructured systems with
exceptional coercivity and saturation magnetization, retained under demanding opera-
tional conditions [1-3]. Among the most promising candidates are nanocomposites based
on the Fe-Pt system, particularly the L1j-FePt intermetallic phase, which combines an
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ultrahigh coercive force (up to 116 kOe) with high chemical stability and significant satu-
ration magnetization [1,4-9]. This unique property profile makes Fe-Pt composites ideal
for applications ranging from accelerator components (wigglers, deflection magnets) to
targeted drug delivery and catalysis [10-16].

A central challenge in realizing the full theoretical potential of these materials—
currently estimated at less than 50% achievement—Ilies in the synthesis of well-defined,
homogeneous precursors for subsequent thermal processing [1,17-19]. The desired L1y
phase typically requires high-temperature annealing of a disordered face-centered cubic
(FCC) solid solution. However, the synthesis of this initial FCC phase is often complicated
by the disparate reduction potentials of iron and platinum precursors. The faster reduction
kinetics of platinum typically lead to heterogeneous systems comprising Pt-rich nanoparti-
cles and separate Fe phases, rather than a homogeneous solid solution [9,17,20,21]. Upon
annealing, such heterogeneity promotes undesirable phase segregation and coarse grain
growth, ultimately impeding the formation of the desired fine-grained, homogeneous
intermetallic composite [9,20,21].

While co-reduction in alkaline hydrazine hydrate (N,H4*H,O) offers a practical and
scalable aqueous route [22], it often yields a mixture of phases [23], including high-Pt FCC
solid solutions and various intermetallics [18]. The resulting multiphase architecture is
suboptimal for achieving a controlled transformation into a high-performance material.

Therefore, this study addresses the critical need to control the initial composite nanos-
tructure by investigating the influence of iron precursor chemistry. We hypothesize that
the choice of precursor—specifically, the oxidation state and associated counterions—can
modulate reduction kinetics and direct the pathway of phase formation. By using iron(III)
ammonium sulfate and iron(II) sulfate with chloroplatinic acid, we aim to engineer the
initial nanocomposite architecture to favor the development of a homogeneous, ther-
mally stable Fe-Pt material. The goal is to establish a synthesis-property relationship that
provides a fundamental design principle for fabricating tailored metal composites via a
low-temperature aqueous route, thereby advancing their practical application.

2. Materials and Methods
2.1. Aqueous Synthesis of Fe-Pt Nanocomposites

Fe-Pt nanostructured systems were synthesized via a co-reduction method in an
aqueous medium, designed to investigate the influence of iron precursor chemistry on the
resulting composite’s phase composition and homogeneity. The synthesis was performed
in a closed chemical reactor (Zhongyi Kori Equipment SF-1L, Zhongyi Kori Equipment,
Shanghai, China) under a continuous high-purity argon atmosphere to prevent oxidation.
The temperature was maintained at 90 °C using a circulation thermostat (LOIP LT-124a,
LOIP Ltd., St. Petersburg, Russia).

To engineer distinct composite architectures, two different iron precursors were employed:

e system A (Fe(IlI)-based): iron(II) ammonium sulfate (NH4Fe(SOy);) in a dilute HNOj3
supporting electrolyte;
e system B (Fe(Il)-based): iron(Il) sulfate (FeSO4) in a dilute HySO4 supporting electrolyte.

For both systems, platinum was introduced from a chloroplatinic acid (H,PtClg)
solution in a dilute HCl supporting electrolyte. The molar ratio of Fe:Pt was fixed at 15:85
for all syntheses. The choice of precursors was strategic; the different oxidation states (Fe>*
vs. Fe?*) and counterions were expected to modulate the reduction kinetics relative to the
Pt** precursor, thereby influencing the homogeneity of the resulting metal composite.

An excess of a preheated (80 °C) alkaline hydrazine hydrate (N,Hy-H,O) solution was
rapidly introduced into the stirred precursor mixture (approx. 5x g for 10 min) to initiate co-
reduction. The reaction proceeded for 5 min, yielding a suspension of metal nanoparticles.
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The resulting nanocomposite powders were isolated by centrifugation (~1400x g for
10 min, Laboratory Centrifuge Liston C2202, Liston, Novosibirsk, Russia) and sequentially
washed with deionized water (until neutral pH) and isopropyl alcohol to remove ionic
byproducts and residual water. Final drying was conducted under vacuum (residual
pressure < 5 mm Hg) at room temperature until a constant weight was achieved. The key
synthesis parameters for each composite are summarized in Table 1.

Table 1. Sample synthesis conditions.

Platinum
Precursor/ Iron Precursor/
Composite No. Target Fe/Pt Ratio * . Supporting
Supporting Electrolyte **
Electrolyte ** y
1 15/85 H,[PtClg] /HCl1 FeSO4/H;S0,
2 15/85 H,[PtClg] /HC1 NH4Fe(SO4), /HNO3

*—Here and thereafter, the composition of metal phases is expressed as at.%. **—Supporting electrolytes are
necessary to prevent the hydrolysis reaction resulting in poorly soluble compounds.

2.2. Elemental Analysis of Composite Powders

The overall elemental composition of the synthesized Fe-Pt nanocomposite powders
was determined by inductively coupled plasma—optical emission spectrometry (ICP-OES)
to verify the target Fe:Pt molar ratio and assess purity. This analysis was crucial for
confirming the successful co-reduction of both metal precursors and the absence of signifi-
cant contamination, which could influence the phase behavior and properties of the final
composite material.

An analytical sample of the dry powder was completely digested in a mixture of
concentrated nitric and hydrochloric acids. The resulting solution was analyzed using
an iCAP 6500 Duo spectrometer (Thermo Electron Corporation, Waltham, MA, USA)
operating in radial plasma observation mode at a power of 1150 W. The concentrations of
the main components (Fe, Pt) and potential impurities were determined at characteristic
wavelengths selected to be free of spectral interference. Reported values represent the
average of concentrations measured at different analytical wavelengths for each element,
ensuring accuracy.

The ICP-OES results were compared with Fe/Pt ratios determined by energy-
dispersive X-ray (EDX) spectroscopy. EDX analysis was performed using a JEOL JED-
2300 spectrometer (JEOL Ltd., Tokyo, Japan) attached to a scanning electron microscope,
operating at 20 kV with a magnification of 10,000 x.

2.3. Structural Characterization of Composite Phases and Thermal Stability

The phase composition, crystal structure, and thermal evolution of the synthesized
Fe-Pt nanocomposites were investigated using a combination of X-ray diffraction and
high-resolution electron microscopy:.

2.3.1. X-Ray Diffraction (XRD) Analysis

XRD analysis was performed to identify the crystalline phases present in the as-
synthesized and annealed composites. Data were collected using two sources:

1.  laboratory XRD: a Bruker D8 ADVANCE A25 diffractometer (Bruker AXS GmbH,
Karlsruhe, Germany) with Cu K« radiation (Ni filter) was used, scanning from 10-90°
26 with a step size of 0.02°;

2. synchrotron radiation (SR) XRD: High-resolution patterns were acquired at the VEPP-
4M storage ring (A = 0.17836 A) in transmission mode using a MAR3450 detector
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(Marresearch GmbH, Hamburg, Germany) (20 range: 1-25°) [24]. Two-dimensional
patterns were integrated into one-dimensional intensity profiles [25].

Phase identification was conducted using DIFFRAC.EVA V4.2 software with the ICDD
PDF-2 [26] and Crystallography Open Database (COD). Instrumental broadening was
calibrated using a LaBg standard (NIST SRM 660b). The estimated experimental error is
4+0.00X A, which corresponds to an uncertainty in composition of approximately 0.5%.

2.3.2. In-Situ High-Temperature XRD for Phase Evolution

To study the thermal stability and phase transformations of the composites, powder
samples were heated from 30 to 500 °C (holding time: 3 h) under high vacuum (10~7 mbar)
using an Anton Paar HTK 1200N oven chamber (Anton Anton Paar GmbH, Graz, Austria).
A slow heating rate of 1 °C/min was employed to monitor phase evolution effectively.
Prior to heating, the chamber was degassed at 80 °C for 1.5 h to minimize sample oxidation.

All XRD patterns were processed, and structural parameters—including phase compo-
sition and coherent scattering region (CSR) sizes—were refined using the GSAS-II (V5.6.0)
software package [27] based on established procedures [19,28].

2.3.3. High-Resolution Transmission Electron Microscopy (HRTEM)

The nanoscale morphology, particle size, and local crystal structure of the composites
were examined by HRTEM using a JEOL JEM 2100 microscope (JEOL Ltd., Tokyo, Japan).
Bright-field imaging was used to assess particle homogeneity and dispersion. Lattice fringe
analysis was performed using Image]J (V1.53e) software [29], and crystallographic identifi-
cation was supported by the ICDD PDF-2 database [26] and VESTA (V3.5.8) software [30].

2.4. Theoretical Analysis of Phase Stability

To complement the experimental findings, the theoretical stability of solid phases un-
der the synthesis conditions (pH~13, E~-1.1 V, C(Fe) = 1.13 x 103 mol/L,
C(Pt) = 6.4 x 1073 mol/L) was estimated by constructing a Pourbaix diagram using den-
sity functional theory (DFT) data from The Materials Project, following the methodology
outlined in [31].

3. Results
3.1. Elemental Composition and Theoretical Phase Stability of Fe-Pt Composite Powders

Elemental analysis by ICP-OES confirmed that the synthesized powders matched
the nominal composition, consistently achieving the target Fe:Pt molar ratio of 15:85.
Furthermore, trace impurities of Ni, Cu, Zn, and Si were identified, with a cumulative
concentration not exceeding 0.2 wt.%. All subsequent compositional data, unless otherwise
noted, were determined by ICP-OES.

This verifies the quantitative co-reduction of both metal precursors and the successful
formation of a solid phase with the intended overall composition, a crucial first step in
fabricating the desired Fe-Pt composite. However, the overall stoichiometry does not guar-
antee a homogeneous distribution of elements at the nanoscale—a critical factor defining
the composite’s properties—was found to be highly dependent on the iron precursor used.

To gain insight into the thermodynamic driving forces during synthesis, a Pourbaix
diagram was constructed for conditions approximating the experimental environment
(pH~13, reduction potential E~—1.1 V) (Figure 1). The calculations predict the stability
of two distinct phases: a pure platinum phase and a Fe-Pt intermetallic phase containing
approximately 25 at.% iron. This phase separation is thermodynamically favored due to
the significantly faster reduction kinetics of the platinum precursor ([PtCls]>~) compared
to the iron precursors, a consequence of their differing redox potentials.
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Figure 1. Pourbaix diagram.

This theoretical prediction underscores a fundamental challenge in the aqueous syn-
thesis of homogeneous Fe-Pt nanocomposites: the inherent tendency for phase segregation.
The following sections present our key finding—that the choice of iron precursor provides
a critical kinetic handle to overcome this tendency and direct the formation of either a
heterogeneous mixture or a more homogeneous nanocomposite architecture.

3.2. X-Ray Diffraction Analysis, HRTEM and SAED: Revealing Precursor-Dependent Composite
Architecture and the Full Composite Morphology

XRD analysis of the as-synthesized samples confirms the formation of Fe-Pt nanocom-
posites based on a face-centered cubic (FCC) solid solution structure (Figure 2). The
detection of a low-intensity FeO reflection in both samples further indicates a minor oxide
component within the composite mixture. However, the diffraction patterns reveal stark
differences in phase homogeneity directly attributable to the iron precursor used, defining
two distinct types of composite architectures.

For the samples synthesized from the iron(Il) sulfate precursor (Composite 1), the
diffraction pattern is characterized by an asymmetric reflection profile (Figure 3a), indicat-
ing the presence of at least two distinct crystalline phases with different iron contents. This
peak asymmetry is a clear signature of a heterogeneous nanocomposite system.

Profile fitting analysis quantitatively deconvolutes this structure into two primary
FCC phases:

1.  aPtrich FCC solid solution (as a dominant phase, ~61% of the crystalline fraction)
with a lattice parameter of 3.923 A, consistent with nearly pure platinum, and a small
crystallite size of ~4 nm;

2. an Fe-Pt FCC solid solution with a smaller lattice parameter of 3.903 4 0.001 A,
corresponding to an iron content of 9.8 at.% and larger crystallites of ~10 nm.

This phase separation is driven by the faster reduction kinetics of platinum relative to
Fe?* [17], leading to the initial formation of Pt-rich nuclei and supporting the hypothesis
of a concomitant, ultra-dispersed iron-rich phase that is X-ray amorphous—previously
termed the X-ray non-detectable phase (XRNDPh) [17,18].
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Figure 2. X-ray diffraction patterns of samples (Acy ko = 1.5418 A) (peaks marked with a bullet (o)
originate from the x-Al,O3 sample holder).
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Figure 3. (a) Fitting of (111) and (200) reflections of the FCC phase in Composite 1 with two Pearson
VII functions; (b) Fitting of (111) and (200) reflections of the FCC phase in Composite 2 with two
Pearson VII functions with allowance for the X-ray doublet reflection (Acy ko« = 1.5418 A).

High-resolution TEM imaging also provides direct evidence of the heterogeneity,
revealing a nanostructured composite comprising several distinct phases (Figure 4):

1.  ultra-fine metallic iron (XRNDPh): particles of 1-3 nm identifiable as pure FCC iron
(PDF No. 88-2324) with lattice fringes (2.41 A, 1.99 A), which correspond to the (110)
and (111) planes [25];

2. FePt; intermetallic domains: these iron particles are often adjacent to larger (8-10 nm)
particles exhibiting lattice spacings of 2.72 A, which correspond to the (110) planes of
the L1,-ordered FePt; intermetallic phase (PDF Ne 01-071-8366) [25];

3. Fe-Pt solid solutions: particles with intermediate lattice spacings (2.27 A, 2.10 A)
confirm the presence of FCC solid solutions with varying iron content (~10 at.% to
~50 at.% Fe).
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Figure 4. (a,b) TEM images of Composite 1 (schematic models of the structures: the different colors
of the balls correspond to Fe (iron, brown) and Pt (platinum, grey) atoms); insert (i) SAED; (c) Particle
size distribution in Composite 1 (according to TEM).

The presence of the FePt; (L1,) intermetallic phase, albeit in low fraction, is further
confirmed by Selected-Area Electron Diffraction (SAED), which shows weak but identifiable
superstructure reflections (Figure 4b, Insert ).

In stark contrast to Composite 1, the composite synthesized from the iron(IIl) am-
monium sulfate precursor (Composite 2) exhibits a markedly different and more uniform
structure. The XRD pattern is characterized by symmetrical diffraction reflections that
are well-fitted by a single Pearson VII function (Figure 3b). This indicates the formation
of a highly homogeneous nanocomposite, primarily consisting of a single-phase FCC
solid solution.

The lattice parameter of this phase is 3.897 A, corresponding to a solid solution
with 12.6 at.% iron. This value is notably close to the target stoichiometry of 15 at.% Fe,
demonstrating a highly effective and near-homogeneous co-reduction process. The small,
uniform crystallite size of ~5 nm—half that of the primary Fe-Pt phase in Composite 1—
further underscores the uniformity of this composite precursor. The minor discrepancy
between the target and measured iron content suggests that a small fraction of iron (~2%)
may reside in ultra-dispersed amorphous clusters (XRNDPh), but this does not detract
from the primary finding of a dominant, well-mixed solid solution.

This structural homogeneity is a direct consequence of the iron(III) precursor chemistry,
which moderates the reduction kinetics to favor the concurrent incorporation of both metals
into a single-phase matrix. The result is a superior nanocomposite precursor, engineered
for a more controlled and predictable transformation upon subsequent thermal processing.
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Thermal treatment of the two composites at 500 °C induces dramatically different
transformation pathways in the two composites. This divergence underscores that the
initial nanocomposite structure is critical for phase stability and microstructural evolution,
thereby separating the heterogeneous system from the high-performance composite.

Upon annealing, the heterogeneous architecture of Composite 1 (from Fe(II) sulfate)
proves to be highly unstable. Instead of forming beneficial intermetallic phases, it undergoes
severe phase segregation and coarsening. This results in the formation of large, ~30 nm
Pt-rich nanocrystals with a lattice parameter of 3.922 A, containing a negligible 1 at.% iron.

This deleterious transformation is driven by the synergistic effect of two factors inher-
ent to the initial heterogeneous composition. Firstly, interfacial energy-driven segregation
provides the initial driving force, as the large interface area between the distinct Pt-rich
and Fe-rich domains causes iron to diffuse out of the Pt lattice. Secondly, this segregation is
then locked in and accelerated by the oxidation of metastable phases. The high fraction
of finely dispersed, high-surface-energy iron (XRNDPh) is highly susceptible to oxidation
by residual oxygen, which effectively removes iron from the alloying process and further
promotes the growth of Pt-dominated crystals.

The result is a failed transformation, yielding a coarse, Pt-rich material with poor
composite integrity devoid of the intended magnetic properties.

In stark contrast, the homogeneous nanocomposite from iron(III) ammonium sulfate
(Composite 2) undergoes a controlled and desirable phase evolution under identical an-
nealing conditions. The resulting material is a stable, biphasic nanocomposite evidenced
by three key features: the emergence of clear superstructure reflections confirms the for-
mation of a 65% fraction of the L1;-ordered FePt; intermetallic phase; this intermetallic
coexists with an FCC solid solution that retains its iron content (13.3 at.%); and the system
successfully suppresses grain growth, maintaining a fine crystallite size of just ~7 nm.

The intermetallic phase combines with the FCC solid solution to create a complex and
stable composite architecture.

4. Discussion

The combined XRD and HRTEM/SAED data unequivocally show that Composite 1
is a highly heterogeneous nanocomposite. It consists of a mixture of Pt-rich nanocrystals,
an Fe-Pt solid solution, discrete metallic iron nanoparticles, and localized domains of the
FePt; intermetallic phase. This complex morphology results from the pronounced disparity
in reduction kinetics when using the Fe(II) precursor, leading to a non-uniform architecture
that is likely to evolve unfavorably upon thermal treatment.

The key conclusion from the XRD analysis is that the iron(III) precursor promotes a
more homogeneous distribution of iron within the platinum matrix at the earliest stages
of formation, leading to a finer and more uniform nanocomposite precursor. In contrast,
the iron(II) system exhibits a stronger tendency for phase separation, resulting in a more
heterogeneous composite architecture. This fundamental difference in initial structure is
critical for determining the thermal evolution pathway of these materials.

The divergent behavior of the two composites establishes a fundamental design
principle: the initial homogeneity of the composite precursor dictates its thermal stability
and phase evolution. The homogeneous architecture of Composite 2 facilitates a solid-state
reaction leading to a refined, biphasic intermetallic nanocomposite. In contrast, the inherent
heterogeneity of Composite 1 triggers phase separation and coarsening, destroying the
composite’s nanoscale features and functional potential.

The structural models derived from laboratory XRD are conclusively verified by high-
resolution synchrotron radiation (SR) data (Figure 5). The high intensity and resolution of
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the SR beam allow for a more precise analysis of the diffraction patterns, particularly in the

high-angle region.
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The enhanced data quality is crucial for elucidating the composite structure, primarily
by confirming the phase identification for both samples and thereby solidifying the distinc-
tion between the homogeneous solid solution (Composite 2) and the multi-phase system
(Composite 1). Furthermore, the extended range of measurable scattering vectors permits a
more robust construction of the atomic Pair Distribution Function (PDF).

The planned PDF analysis will resolve the local atomic structure, enabling us to
quantify short-range order and definitively characterize the X-ray non-detectable phase
(XRNDPh). This will establish the atomic-scale foundation for the composite’s macroscopic
thermal stability and magnetic performance.

The superior signal-to-noise ratio and peak resolution offer unambiguous evidence
for the homogeneous solid solution in the Fe(Ill)-derived composite (Composite 2) and
the complex, multi-phase mixture in the Fe(II)-derived composite (Composite 1), firmly
linking precursor chemistry to nanoscale composite structure.

The distinct structural and phase features of the two composites are a direct conse-
quence of the reaction pathways dictated by their respective iron precursors in the aqueous
synthesis. The chemical speciation and solubility at the precursor stage fundamentally
control the nucleation and growth kinetics, leading to either a heterogeneous mixture or a
homogeneous solid solution.

The use of iron(Il) sulfate with chloroplatinic acid creates a system prone to phase
separation, whereby the rapid, unimpeded reduction of soluble [PtClg]>~ ions leads to the
fast nucleation of platinum-rich nanoparticles. Simultaneously, the introduction of OH™
ions causes the precipitation of iron(II) hydroxide (Fe(OH),), temporarily sequestering a
portion of the Fe?* and preventing it from participating in the co-reduction process (see
Figure 5).

This kinetic decoupling results in a heterogeneous reaction sequence, beginning with
the early-stage formation of a platinum-rich FCC solid solution and Pt nanocrystals. Fol-
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lowing the depletion of the platinum precursor, a late-stage reduction of the remaining Fe?*
occurs, yielding ultra-fine metallic iron (XRNDPh) and localized, metastable iron-rich Fe-Pt
phases. This temporal separation of reduction events inherently produces a heterogeneous
composite. The resulting chemically unstable, oxidizable iron-rich domains are notoriously
susceptible to oxidation, thereby accounting for the low chemical stability of Composite 1.

In contrast, the iron(Ill) ammonium sulfate precursor used for Composite 2 likely
moderates these kinetics, favoring a more simultaneous reduction of both metal ions. The
key mechanistic step is the precipitation of ammonium hexachloroplatinate, (NH4),[PtClg]
(Ksp =9 x 107 [32,33]), via an ion-exchange reaction. This precipitation first moderates
the platinum release rate, thereby preventing the explosive nucleation of pure Pt clusters.
Subsequently, the controlled, simultaneous availability of both metal precursors facilitates
co-reduction and co-nucleation, preventing iron sequestration and leading to the observed
homogeneous solid solution.

This kinetic synchronization favors the direct formation of a more compositionally
uniform FCC solid solution and the emergence of a finely dispersed Fe,; Ptyg (L1;) inter-
metallic phase, even at low temperatures. The result is a homogeneous nanocomposite
precursor with an iron content close to the target stoichiometry, engineered for superior
thermal stability.

Ongoing experiments utilizing XPS (with Ar* etching) in couple with synchrotron
radiation diffractometry are aimed at verifying these hypotheses through the analysis of
spectral transformations during depth profiling.

5. Conclusions

This study demonstrates that the choice of iron precursor is a critical design parameter
for controlling the architecture and phase composition of Fe-Pt nanocomposites synthesized
via aqueous co-reduction. We have established a direct link between precursor chemistry
and the resulting material’s properties:

The use of iron(IlI) ammonium sulfate creates a reaction pathway that promotes
homogeneity. The in-situ precipitation of (NH4),[PtCls] moderates platinum reduction
kinetics, leading to the formation of a uniform, 5 nm FCC solid solution and facilitating the
low-temperature formation of the Fey; Pty (L1;) intermetallic phase. This results in a homo-
geneous and thermally stable nanocomposite that undergoes a controlled transformation
upon annealing, with minimal grain growth.

In contrast, the use of iron(1II) sulfate produces a heterogeneous and unstable composite.
The rapid reduction of platinum leads to phase separation, yielding a mixture of Pt-rich
nanocrystals, an iron-deficient solid solution, and chemically unstable, finely dispersed
iron particles. This structure is prone to severe phase segregation and coarsening upon
thermal treatment.

Therefore, the iron(Ill) ammonium sulfate precursor provides a superior and
promising aqueous route for fabricating well-defined Fe-Pt nanocomposite precur-
sors. These precursors are ideally suited for subsequent transformation into the high-
performance L1j-FePt phase, advancing the development of Fe-Pt composites for advanced
magnetic applications.
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