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A series of FePt nanoparticles was synthesized by the thermal decomposition of iron pentacarbonyl
and reduction in platinum acetylacetonate in phenyl ether solvent. A range of precursor molar ratios
of 2, 1.5, and 1 between iron pentacarbonyl and platinum acetylacetonate was studied. After 30 min
of reflux, the synthesis method produced a wide distribution in composition and size for the
nanoparticles. Given 200 min of reflux, it was observed that the particle-to-particle composition and
size narrowed, and the atomic ratio of Fe to Pt, for the majority of nanoparticles, approached the
initial precursor molar ratios except for the molar ratio of 1. It is speculated that the compositional
variability may be a result of the slow kinetics of iron pentacarbonyl’s decomposition in the
reaction. © 2008 American Institute of Physics. �DOI: 10.1063/1.2980042�

I. INTRODUCTION

In recent years there has been a tremendous effort to-
ward decreasing the magnetic bit sizes to achieve higher
magnetic areal information storage density. One proposed
method for achieving ultrahigh storage density
��1 Tbit / in2� is self-assembled arrays of FePt
nanoparticles.1 The L10 phase of FePt has high magnetocrys-
talline anisotropy that provides resistance to magnetic rever-
sal caused by thermal energy fluctuations in small volumes.2

Various chemical synthesis methods have been developed to
produce FePt nanoparticles with good chemical stability.2–4

The majority of these synthetic routes yields FePt nanopar-
ticles with a metastable A1 structure.2–4 To transform these
nanoparticles to a magnetically hard L10 structure, the nano-
particles are annealed at temperatures of �550 °C.5 The ex-
tent of subsequent structural transformation that occurs in
these nanoparticles depends on their size6 and composition.7

Recent studies of FePt nanoparticles have shown a wide
composition distribution between individual nanoparticles in
an as-synthesized dispersion.7,8 The distribution in composi-
tion indicates that only a fraction of nanoparticles in the
dispersion have the equiatomic stoichiometry. This distribu-
tion in ratio of constituents can produce a variation in the
structural and magnetic properties from particle to particle,
severely affecting the quality of self-assembled arrays.

Yu et al.7 and Srivastava et al.8 showed that FePt nano-
particles produced by the reduction of platinum acetylaceto-
nate �Pt�acac�2� and the thermal decomposition of iron pen-
tacarbonyl �Fe�CO�5� result in a particle dispersion with a
very high compositional variability. Nominally, this synthesis
process, originally reported by Sun et al.,2 involves approxi-
mately twice the stoichiometric amount of Fe�CO�5 to
Pt�acac�2 in order to achieve an overall nanoparticle disper-
sion with an average equiatomic ratio. The needed increase
in Fe�CO�5 is believed to be a result of loss of some of the
Fe�CO�5 because of its highly volatile nature.9 To date, there

have been relatively few systemic studies on the nucleation
and growth of these particles.10,11 This paper reports how
compositional variation initially develops and scales with
particle size and how different Fe:Pt precursor molar ratios
affect the particle-to-particle compositional variability over
extended reflux times.

II. EXPERIMENTAL PROCEDURES

The nanoparticles in the present study were synthesized
by the method similar to that of Sun et al.2 In this process,
various precursor amounts of Pt�acac�2, given below, and
0.52 g of 1,2 hexadecanediol were mixed with 25 ml of
phenyl ether in a 300 ml three neck round bottom flask. The
flask was equipped with a magnetic stirrer and a reflux con-
denser. Nitrogen atmosphere was maintained inside the flask
during the synthesis. The reaction mixture was heated to
100 °C, and at this temperature various precursor amounts
of Fe�CO�5, also given below, 0.5 mmol of oleic acid, and
0.5 mmol of oleyl amine were injected into the flask through
a syringe. The temperature was then raised to the boiling
point of the phenyl ether ��260 °C� and the reaction mix-
ture was refluxed for different periods of time. After reflux-
ing, the reaction mixture was allowed to cool to room tem-
perature under a nitrogen atmosphere. Ethanol was then
added to the reaction mixture to precipitate the nanoparticles.
The nanoparticles were then cleaned �removal of surfactants
for the electron microscopy studies� using the process de-
scribed in Ref. 11. The resulting “clean” nanoparticles were
then dispersed in hexane for further analysis.

To study the distribution in composition as a function of
precursor ratio, the following amounts were used: �a� precur-
sor molar ratio of 2; 1 mmol of Fe�CO�5 and 0.5 mmol of
Pt�acac�2, �b� precursor molar ratio of 1.5; 0.75 mmol of
Fe�CO�5 and 0.5 mmol of Pt�acac�2, and �c� precursor molar
ratio of 1; 0.5 mmol of Fe�CO�5 and 0.5 mmol of Pt�acac�2.
The phase of the nanoparticles was determined by x-ray dif-
fraction �XRD� using a Rigaku 1-D/ MAX-2BX diffracto-
meter operating at 40 kV and 40 mA with a Cu k� radiationa�Electronic mail: gthompson@coe.eng.ua.edu.
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source. The average composition of the nanoparticle disper-
sion was determined by x-ray energy dispersive spectroscopy
�XEDS� analysis using a FEI XL-30 scanning electron mi-
croscope �SEM� operating at 20 kV. The SEM-XEDS has a
larger interaction volume consequently yielding a larger sam-
pling size for determining the average composition of the
nanoparticle dispersion. The specimens for both the XRD
and the SEM-XEDS analysis were prepared by drop drying
the nanoparticle dispersion onto a Si wafer.

Bright field image acquisition and single nanoparticle
composition measurements were done using a 200 keV field
emission FEI Tecnai F20 Supertwin scanning transmission
electron microscope �STEM�. A highly dilute dispersion of
the clean nanoparticles was drop dried onto a 50 nm thick
silicon nitride supporting window for the TEM analysis. It
should be noted that the nanoparticles suspended in the hex-
ane dispersion were intentionally diluted to a large extent.
The evaporation of hexane left large patches of self-
assembled, similar sized particles and isolated, dispersed par-
ticles of different sizes on the TEM grid. These isolated par-
ticles, separated from each other by a distance greater than
25 nm, which did not assemble in any periodic arrangement
because of their different sizes, were chosen for the size-
composition correlation data reported.

The bright field TEM micrographs, captured on a 1k
charge coupled device camera, were used to determine the
size distribution of the nanoparticles in the dispersion.
STEM-XEDS was used to determine the elemental compo-
sitions from individual nanoparticle. The nanoparticles were
imaged in a Z-contrast imaging mode using a high angle
annular dark field �HAADF� detector in STEM.12 The
STEM-XEDS analysis of the particles was performed with a
FEI nano-beam spot size designation of 6, which corre-
sponds to an XEDS spatial resolution of �1.5 nm. The nor-
mal acquisition time for the analysis was 200 s with a drift
correction at every 10 s during the acquisition. The presence
of similar sized, self-assembled particles was used as the
drift correction reference point for obtaining compositional
information from the reported isolated particles.

For the elemental quantification, a background sub-
tracted integrated intensity of peaks corresponding to FeK

and PtL lines in the XEDS spectrum was used. The Cliff–
Lorimer k-factor used for the elemental quantification of the
nanoparticles was determined using a homogeneous FePt
thin film whose composition was verified by Rutherford
backscattering.13 Bright field images of nanoparticles were
used to determine the size and were correlated to the STEM-
HAADF image for the elemental quantification.

III. RESULTS

The XRD curve for as-synthesized particles for all molar
ratios and reflux times showed two broad peaks, the �111�
peak near 2�=40° and the �200� peak near 2�=46°, as
shown in a representative curve in Fig. 1. This indicated that
the particles were in the A1 phase.

A. Precursor molar ratio of 2

The size distribution histograms determined by TEM
bright field micrographs for nanoparticles extracted after 30
and 200 min reflux are shown in Figs. 2�a� and 2�b�, respec-
tively. The average sizes for 30 and 200 min refluxed nano-
particles were 3.5�0.9 nm and 3.7�0.3 nm, respectively.
The composition distribution histograms for nanoparticles in
the dispersion extracted after 30 and 200 min reflux are
shown in Figs. 2�c� and 2�d�, respectively. The composition
for the 30 min refluxed nanoparticles ranged from 21 to
94 at. % Pt with a mean value of 56�15 at. % Pt. This
composition value was in good agreement with the SEM-

FIG. 1. A representative XRD curve for as-synthesized FePt nanoparticles.
This particular XRD curve is for particles synthesized using the precursors
in molar ratio of 2 and refluxed for 30 min.

FIG. 2. Histogram plots for particles extracted from the reaction mixture
containing the precursors in molar ratio of 2 and corresponding to �a� size
distribution after 30 min reflux, �b� size distribution after 200 min reflux, �c�
composition distribution after 30 min reflux, and �d� composition distribu-
tion after 200 min reflux. Total number of individual nanoparticles analyzed
for the compositional analysis was 52 for 30 min reflux and 47 for 200 min
relfux.
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XEDS analysis value of 55 at. % Pt. For the particle disper-
sion extracted after 200 min reflux, the composition range
was from 25 to 86 at. % Pt with a mean value of
42�10 at. % Pt. Similar as above, this value was in good
agreement with the average composition of 47 at. % Pt de-
termined from the SEM-XEDS analysis.

In particular to this molar ratio, a detailed study of the
size-composition relationship was performed for nanopar-
ticles extracted from the reaction mixture at 160 °C �i.e.,
seed particle formation stage� and after 30 min of reflux at
260 °C. This ratio was chosen because of its greater variabil-
ity in composition during the early stages of synthesis, as
compared to the other molar ratios given below. Also, this
molar precursor ratio has been commonly chosen in the syn-
thesis of these nanoparticles in the literature.5,11,14,15

The TEM bright field and size distribution histogram for
the nanoparticles extracted from the reaction vessel at
160 °C are shown in Figs. 3�a� and 3�b�. The average size
determined from the bright field TEM micrographs was
2.6�1.03 nm with a range from �1 to �5 nm. Imaging the
nanoparticle dispersion in STEM-HAADF mode revealed
bright and dull contrast particles, as shown in Fig. 4�a�. The
compositions of groups of bright and dull contrast particles
were determined from different regions on the TEM grid.
The measurements from ten different regions containing
groups of �15 particles revealed that the bright particles
were Pt rich with an average composition of Fe24Pt76, and the
dull particles were Fe rich with an average composition of
Fe82Pt18. This composition dependent variation, in contrast,
for nearly similar sized nanoparticles, is consistent with the

Z-contrast imaging mode of the HAADF detector.12 Interest-
ingly, it was noticed that the dull contrast particles visible in
the STEM-HAADF mode were undetectable in the bright
field mode. The STEM-HAADF micrograph shown in Fig.
4�a� when compared to the bright field micrograph of the
same region shown in Fig. 4�b� clearly illustrates this obser-
vation. It should be noted that only the bright field micro-
graphs, and not the STEM-HAADF, were used for determin-
ing the average size and size distribution of the particles in
the 160 °C extracted dispersion. This was done to avoid any
error in the size estimate of the particles that could be pro-
duced by nonoptimal contrast or brightness adjustments in
the STEM-HAADF mode. We noted that the hue around the
particles varied slightly with contrast/brightness changes,
which could result in inaccurate size measurement in this
imaging condition. This led to the counting of mostly Pt rich
�visible in bright field mode� particles in the 160 °C ex-

FIG. 3. �a� Bright field image and �b� size distribution histogram of particles
extracted at 160 °C from the reaction mixture containing precursors in molar
ratio of 2. Total number of particles analyzed was 100.

FIG. 4. �a� A representative STEM image showing the presence of the bright
and dull contrast particles in dispersion extracted at 160 °C from the reac-
tion mixture containing the precursors in molar ration of 2. �b� Bright field
image of the same region on the sample grid illustrating the invisibility of
the dull contrast particles in the TEM bright field mode. Note the numbered
nanoparticles between �a� and �b�. �c� Composition distribution histogram
obtained from the analysis of 32 individual particles for nanoparticle disper-
sion extracted at 160 °C.
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tracted dispersion for the size related analysis. The single
nanoparticle composition distribution for the specimen ex-
tracted at 160 °C is plotted in Fig. 4�c�.

The nanoparticle dispersion of the size-composition cor-
relation analysis for the precursor molar ratio of 2 after 30
min of reflux was divided into three size ranges: �a� range 1:
1.5 to �3 nm, �b� range 2: 3 to �4 nm, and �c� range 3: 4
to �5.5 nm. The composition distribution histograms shown
in Figs. 5�a�–5�c�correspond to each of these three ranges,
respectively. The total number of particles analyzed and the
average compositions for these particles �determined from

the summation average of the individual nanoparticle’s com-
positions� in each range is tabulated in Table I. The binning
of data into the three size ranges was based on the abundance
of the analyzed particles in the respective size range and was
not done for any intentional statistical purpose.

B. Precursor molar ratio of 1.5

The nanoparticle size distribution histograms determined
by TEM bright field micrographs for nanoparticles extracted
after 30 and 200 min reflux are plotted in Figs. 6�a� and 6�b�,
respectively. The average sizes for 30 and 200 min refluxed
particles were 3.6�0.6 and 3.8�0.5 nm, respectively.
Composition distribution histograms for particles in the dis-
persion extracted after 30 and 200 min reflux are shown in
Figs. 6�c� and 6�d�, respectively. The composition for 30 min
refluxed particles ranged from 27 to 81 at. % Pt with a mean
value of 58�12 at. % Pt. This composition value was in
good agreement with the SEM-XEDS analysis value of
56 at. % Pt. For the particle dispersion extracted after 200
min reflux, the composition range was from 35 to 87 at. %

FIG. 5. Distribution of composition for FePt nanoparticles, synthesized us-
ing precursors in molar ratio of 2, for sizes �a� 1.5 to �3 nm, �b� 3 to �4
nm, and �c� 4 to �5.5 nm. Total number of particles analyzed in each size
range can be found in Table I.

TABLE I. This table shows the analysis values for nanoparticle dispersion extracted after 30 min of reflux from the reaction mixture containing the precursors
in a molar ratio of 2, the total number of nanoparticles analyzed, average composition �determined from the average of individual particle’s compositions�, and
composition range for the particles in each size range.

Size range Number of particles analyzed
Average size

in nm �standard deviation�
Average composition

in at. % Fe �standard deviation�
Composition range

in at. % Fe

1.5–3 nm 32 2.3�0.410� 58 �15� 10–73
3–4 nm 50 3.5�0.248� 48 �14.6� 14–70
4–5.5 nm 48 4.5�0.376� 47 �13.7� 7–73

FIG. 6. Histogram plots for particles from the reaction mixture containing
the precursors in molar ratio of 1.5 and corresponding to �a� size distribution
after 30 min reflux, �b� size distribution after 200 min reflux, �c� composi-
tion distribution after 30 min reflux, and �d� composition distribution after
200 min reflux. Total number of particles analyzed for the compositional
analysis was 32 for 30 min reflux and 50 for 200 min reflux.
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Pt with a mean value of 46�7 at. % Pt. Again, this value
was in good agreement with the average composition of
52 at. % Pt determined from the SEM-XEDS analysis.

C. Precursor molar ratio of 1

TEM bright field micrographs were used to determine
the nanoparticle sizes after 30 and 200 min reflux. The size
distribution histograms for these particles are plotted in Figs.
7�a� and 7�b�, respectively. The average sizes for 30 and 200
min refluxed particles were 4.5�0.5 and 4.6�0.6 nm, re-
spectively. Composition distribution histograms for the par-
ticles in dispersions extracted after 30 and 200 min reflux are
shown in Figs. 7�c� and 7�d�, respectively. The composition
for 30 min refluxed particles ranged from 21 to 90 at. % Pt
with a mean value of 63�12 at. % Pt. This composition
value was in good agreement with the SEM-XEDS analysis
value of 64 at. % Pt. For the particle dispersion extracted
after 200 min reflux, the composition range was from 37 to
79 at. % Pt with a mean value of 61�9 at. % Pt. Again,
this value was in good agreement with the average compo-
sition of 63 at. % Pt determined from the SEM-XEDS
analysis.

IV. DISCUSSION

It has been widely practiced that for producing an aver-
age equiatomic FePt nanoparticle dispersion using the
method of Sun et al.,2 the molar ratio of Fe�CO�5 and
Pt�acac�2 should be 2.2,5,11,14,15 In this study, it was observed
that using a precursor molar ratio of 2 and a reflux time of 30
min produced particles with an average composition of about

55 at. % Pt, in agreement with the already reported
results.5,11 However, the analysis at the individual nanopar-
ticle level revealed a wide distribution in compositions be-
tween particles for the same dispersion, as shown in Fig.
2�c�. It is evident from the composition histogram in Fig.
2�c� that the nanoparticle dispersion contains a large number
of Pt rich particles, some Fe rich particles, and particles hav-
ing equiatomic stoichiometry. Bagaria et al.11 reported that
the dominant mechanism of formation of nanoparticles by
the Sun et al.2 synthesis process involves the heterogeneous
nucleation of Fe onto these Pt rich clusters. The presence of
a large number of Pt rich particles in the dispersion after 30
min reflux indicates that either the initial amount of Fe pre-
cursor �Fe�CO�5� is depleted or the reflux time is insufficient,
which will be addressed in detail below.

In the analysis of the composition distribution for the
precursor molar ratio of 2, the nanoparticle dispersion ex-
tracted at 30 min reflux showed that the smaller nanopar-
ticles �range 1� were Fe rich, with the majority having a
composition of �35 at. % Pt. The nanoparticles in ranges 2
and 3 had similar composition distribution with maximum
percentage of nanoparticles having a composition closer to
the average value of �51 at. % Pt. This result is plotted in
Fig. 8. The standard deviation of distribution in each range
had a similar value of about 15 at. % Pt, indicating a signifi-
cant variability in composition within each size range. Al-
though the mean value of composition for the smallest size
nanoparticles was Fe rich, each range’s average composition
was within one standard deviation. This suggests that there
does not exist a strong size-composition dependency for
these nanoparticles. But the mean values may suggest some
trends in which nanoparticles favor growth during the syn-
thesis.

The presence of 1,2 hexadecanediol in the reaction mix-
ture causes a faster reduction of Pt�acac�2 and the formation
of Pt rich clusters during the early stages as compared to the
slower thermal decomposition of Fe�CO�5. However, this pa-
per has clearly shown that Fe rich seeds do form in these
early stages. As the Fe atoms are continuously produced by
the slower decomposition of Fe�CO�5, these Fe atoms can

FIG. 7. Histogram plots for particles extracted from the reaction mixture
containing the precursors in molar ratio of 1 and corresponding to �a� size
distribution after 30 min reflux, �b� size distribution after 200 min reflux, �c�
composition distribution after 30 min reflux, and �d� composition distribu-
tion after 200 min reflux. Total number of particles analyzed for the com-
positional analysis was 50 for 30 min reflux and 50 for 200 min reflux.

FIG. 8. Variations in atomic percentage of Pt with the size of the particles
for the 30 min reflux FePt nanoparticle dispersion synthesized using the
precursor molar ratio of 2. The x-axis bar represents one standard deviation
of particle size and the y-axis bar represents one standard deviation of com-
position from the mean value.
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either nucleate on the surface of existing Fe rich particle or
onto a Pt rich particle. Srivastava et al.8 reported a Monte
Carlo simulation based free energy perturbation �FEP� calcu-
lation study on the extent of Fe diffusion into the core of a 2
nm Pt seed particle. The FEP calculations have predicted the
thermodynamic equilibrium concentration for the diffusion
of Fe atoms into a 2 nm Pt cluster to be �43 at. % Fe. In the
30 min reflux dispersion, the higher count of small size �
�2 nm� Fe rich particles and the lower number of similar
sized Pt rich particles suggest that the Pt rich particles pref-
erentially grow as compared to Fe rich particles. The diffu-
sion of Fe into the subsurface of a Pt cluster would be ener-
getically preferable as it minimizes the higher surface energy
configuration of Fe atoms on the surface of another Fe rich
particle. Therefore, the small Fe rich particles present in the
30 min reflux dispersion are believed to be the ones that
nucleated during the early stages of the synthesis and did not
grow in the subsequent stages. By avoiding the supersatura-
tion of the Fe species that produces Fe rich clusters during
the initial stage of synthesis, it is speculated that the compo-
sitional and size distribution will be narrower for the same
reflux time. Changing the release sequence of iron from iron
pentacarbonyl during the synthesis is the subject of future
studies.

Interestingly, it was observed that increasing the reflux
time to 200 min resulted in the narrowing of the composition
distribution. The decrease in Pt rich particles, as shown in
Figs. 2�c� and 2�d�, indicates that the Fe requires sufficiently
longer reflux time to be incorporated in the FePt nanopar-
ticles. It is suspected that the Fe could form metal-organic
complexes with the surfactants, thereby being able to remain
in the reaction mixture after thermally decomposing from the
Fe�CO�5 source, or alternatively, the Fe may have formed
small Fe rich seeds that experience restricted growth based
on the Monte Carlo simulations referenced above.8 The
STEM-HAADF micrographs of the dispersion after 200 min
of reflux did not indicate any dull contrast �Fe rich� particles.
This further suggests that these Fe rich clusters have attached
to the Pt rich particles providing the Fe source for the nar-
rowing of the composition. Interestingly, the attachment of
these clusters to the nanoparticles, if it is the mechanism, did
not statistically increase in the mean particle size between
the 30 and 200 min reflux times. The narrowing of the com-
position to �35 at. % Pt with a decrease in the standard

deviation, as shown in Fig. 2�d�, indicates that given appro-
priate time, the system will approach the molar composition
of the precursors, i.e., 2 Fe to 1 Pt.

The composition distribution analysis for nanoparticles
synthesized using 1:1 and 1.5:1 molar ratios of Fe�CO�5 and
Pt�acac�2 was then used to determine if the precursor molar
ratio with appropriate reflux time can achieve a narrow com-
position distribution at a targeted average value. For the pre-
cursor molar ratio of 1.5, it was observed that the particles
after 30 min reflux exhibited a characteristically wide com-
position distribution with an average value of 58�12 at. %
Pt. Increasing the reflux time to 200 min resulted in the nar-
rowing of composition distribution to 46�7 at. % Pt.
Again, as seen in the molar ratio of 2, this narrowing of
composition at 46 at. % Pt is in reasonable agreement with
the stoichiometrically calculated composition of Fe60Pt40 for
1.5 mmol of Fe�CO�5 and 0.5 mmol of Pt�acac�2.

For the nanoparticles synthesized using 1:1 precursor
molar ratio, it was observed that most of the nanoparticles in
the reaction mixture after 30 min reflux were Pt rich with an
average value of 63�12 at. % Pt, as seen in Fig. 7�c�. This
result is again consistent with the previous trends. Surpris-
ingly, it was observed that an increase to 200 min of reflux
yielded particle dispersion with an average composition of
61�9 at. % Pt and did not produce any significant change
in the composition distribution or the average composition of
the dispersion after 30 min. This dispersion was then further
refluxed for 500 min, which also did not produce any signifi-
cant change in the previous average composition value. This
result indicates a potential limit in achieving a targeted com-
position with the precursor ratio and reflux time methods.
The lack of narrowing of the composition to the desired
equiatomic ratio is believed to be a result of the loss of
Fe�CO�5 during the reaction because of its highly volatile
nature.9 The reaction mixture containing the precursors in
molar ratio of 1.5, although narrowed, was also not able to
achieve the targeted composition value of 40 at. % Pt, fur-
ther suggesting a trend in the loss of Fe from the reaction
mixture.

V. CONCLUSION

In the present study, FePt nanoparticles were produced
by using different molar ratios of the precursors and reflux
times. A tabulation of the collective results is given in Table

TABLE II. This table lists the average size with standard deviation, composition range, and average composition with standard deviation for nanoparticles
synthesized using different ratios of precursors and refluxed for 30 and 200 min.

Composition �at% Pt�

Molar ratio of precursors �Fe�CO�5 /Pt�acac�2�
Reflux time
�minutes�

Average size �nm� �

standard deviation Range
Average �

standard deviation

2 30 3.5� 0.9 21–94 56�15
200 3.7� 0.3 25–86 42�10

1.5 30 3.6� 0.6 27–81 58�12
200 3.8� 0.5 35–87 46�7

1 30 4.5� 0.5 21–90 63�12
200 4.6� 0.6 37–79 61�9
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II. If the reaction mixture is refluxed for an extended time
period and if there is a sufficient availability of precursors
not lost during the reaction, the composition narrows to a
value approximately equal to the molar ratio of the precur-
sors. This result is particularly relevant for the common prac-
tice of a 2:1 ratio of Fe�CO�5 and Pt�acac�2. The slow and
volatile nature of the Fe�CO�5 decomposition results in a
wide size and composition dispersion in the early stages of
nucleation and growth. For groups of similar sized particles,
the mean composition value after 30 min of reflux was all
within one standard deviation of each other. This indicates
that a strong size-composition correlation does not exist for
the nanoparticles synthesized by this process. Extended pe-
riods of refluxing up to 200 min did result in the eventual
narrowing of the composition distribution in the 2:1 molar
ratio. It is speculated that the initial Fe rich clusters that form
in the early stages of synthesis are given sufficient time to
eventually attach to the larger Pt rich nanoparticles during
the extended reflux period. This is concluded by the Fe rich
particles’ conspicuous absence in the 200 min reflux disper-
sion when imaged in the HAADF-STEM mode. As the pre-
cursor ratio approaches 1, the particles are not able to
achieve the targeted molar ratios of the precursors even at
extended reflux times because of the loss of Fe from the
volatile nature of the Fe�CO�5.
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