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Abstract A low temperature synthesis method using a

modified polyol process is employed to synthesize FePt

nanoparticles even at 393 K. The composition could be

controlled using the above process by varying the reaction

conditions to obtain Fe50Pt50 nanoparticles at 473 K. The

magnetic properties of the fcc-FePt nanoparticles indicate

that they are not completely superparamagnetic in spite of

the smaller particle size.

Introduction

Ordered FePt nanoparticles of equi-atomic Fe and Pt are an

important class of magnetic nanomaterials used for high

density recording applications [1, 2]. The ordered fct-FePt

nanoparticles are obtained from the disordered fcc-FePt on

annealing at high temperatures [3]. L10-ordered FePt nano-

particles assume importance due to their large uniaxial

magnetocrystalline anisotropy (K1 = 7 · 106 J/m3) and

chemical stability [4]. Most of the reported methods of syn-

thesis use techniques like thermal decomposition of iron

pentacarbonyl, which is environmentally unfriendly. How-

ever, the synthesis of FePt nanoparticles using much simpler

process like polyol process has also been undertaken [5, 6]. In

such cases FePt nanoparticles are synthesized using platinum

acetylacetonate and Fe(acac)3 at the boiling point of a polyol.

The authors have already demonstrated that fct-FePt nano-

particles could be obtained without the requirement of a post-

annealing step through slow reaction process at 573 K in

tetraethylene glycol for a reaction duration of 3.5 h [7].

However, the particles obtained were polycrystalline and also

the polymerization of polyol stained the surface of the parti-

cles and prevented their dispersion in organic solvent. The

low temperature synthesis of FePt is suggested as an alternate

to overcome the above drawbacks. Until now, the low tem-

perature synthesis of FePt was found difficult due to the

requirement of high temperatures for the reduction of Fe.

Komarneni et al. have shown that microwave polyol process

could be utilized to synthesis metals, alloys and compounds

with controlled size and shapes at temperatures below 473 K

[8–11]. Recently, we have successfully synthesized Fe in

liquid polyols at temperatures as low as 393 K using a

modified polyol process [12]. In polyol process, the metal

salts are reduced to their corresponding metals in a polyol

such as ethylene glycol. However, our studies have revealed

that the properties of the particles such as size, structure,

shape etc are controlled by the type of polyol, heating rate,

type of metal precursors, additives etc [12–14] which could be

utilized in modifying the conventional polyol process to

obtain metals and alloys hitherto found difficult. In this study,

we have incorporated the above parameters during the syn-

thesis of FePt, one of which is the requirement of high con-

centration of NaOH. This has also paved the way for the low

temperature synthesis of fct-FePt nanoparticles. In this paper,

we present the composition-controlled synthesis of fcc-FePt

nanoparticles using iron chloride (FeCl2 � 4H2O) and hexa-

choloroplatinate (H2PtCl6 � 6H2O) as metal salts using a

modified polyol process.

Experimental procedures

The precursors used in the synthesis of FePt are FeCl2 �
4H2O and H2PtCl6 � 6H2O. In a typical reaction, the Fe and
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Pt salts along with NaOH are introduced in 100 mL of

trimethylene glycol (TMEG) at room temperature in to the

reaction vessel. Then, the vessel is placed in a mantle

heater and heated at a rate of 15 K/min to specific tem-

peratures under N2 purging. The reaction temperature is

monitored using a thermocouple. The metal ion-polyol

solution was refluxed at the required temperatures (323–

473 K) under constant mechanical stirring (160 rpm) at

normal atmospheric pressure for a reaction duration of 1 h.

The details of the experimental set up is shown in Fig. 1.

The molar concentration of Fe and Pt salts are 0.01 M and

0.005 M, respectively and NaOH of varying molar con-

centration is used in TMEG at various reaction tempera-

tures. The synthesized nanoparticles are characterized by

X-ray diffraction (XRD) using a Cu target (Rigaku) for

phase analysis and transmission electron microscopy

(Hitachi) to determine the morphology. The grain sizes are

estimated from the XRD line profile using the Scherrer’s

formula. The composition analysis was performed in a

transmission electron microscope (Hitachi) in the energy

dispersive mode. The magnetic characterization was

undertaken in a SQUID magnetometer (Quantum design) at

5 and 300 K.

Results and discussion

Synthesis of FePt in polyols

The synthesis of FePt at low temperatures can be achieved

only if both Fe and Pt are co-reduced. As iron chloride is

reduced at 393 K in the presence hydroxyl ion, the selection

of suitable Pt salt to be reduced under the above experi-

mental conditions is very much necessary. Thus, FePt

nanoparticles synthesis using iron chloride and platinum

salts such as, Pt(AcAc)2 cis-Pt(Cl2)(NH3)2, H2PtCl6 and

cis-Pt(NO2)(NH3)2 was carried out in trimethylene glycol

(TMEG). Among the platinum salts used in the above

study, H2PtCl6 was found to be a better choice as the

reduction without hydroxyl ions is found to occur at 423 K.

Furthermore, platinum particles were formed even at

temperatures as low as 343 K depending on the hydroxyl

ion concentration. Thus it may be possible to obtain FePt

particles at low temperatures and the FePt synthesis was

attempted at various temperatures below 393 K. The

hydroxyl ion concentration of 0.05 M was chosen so that

the platinum particles were reduced at temperatures close

to that of iron, for a Fe/Pt molar ratio of 2. Table 1 shows

the variation in the grain size and composition of the FePt

nanoparticles synthesized in TMEG at various tempera-

tures upto 393 K. At 323 K, the particles are rich in Pt as

seen from the composition which is Fe9Pt91. The Fe con-

tent in the sample increases with temperature drastically

from 9 to 43 at.% when the temperature is increased to

393 K. The XRD pattern of the FePt nanoparticles syn-

thesized at 393 K in TMEG is shown in Fig. 2. The grain

size of the sample found from XRD pattern is around

2.4 nm and the particle size is around 2–3 nm as observed

from the TEM micrograph shown in Fig. 3. The samples

Fig. 1 The polyol process experimental set up

Table 1 The variation in the grain size and composition of the FePt

nanoparticles synthesized in TMEG at various reaction temperatures

Temperature (K) Grain size (nm) Composition

323 1.7 Fe9Pt91

353 2.3 Fe27Pt73

393 2.4 Fe43Pt57

Fig. 2 The XRD pattern of the FePt nanoparticles synthesized in

TMEG at 393 K
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also exhibited a saturation magnetization of 10 emu/g and

coercivity of nearly 70 Oe which suggests that they are

magnetic. Eventhough the composition analysis of the

sample revealed Fe43Pt57 which indicated the formation of

FePt phase at 393 K, the particles are not homogeneous

and FePt particles rich in Fe are also present. The Fe50Pt50

composition is required to obtain fct-FePt [15] and hence

for recording applications, homogeneous Fe50Pt50 compo-

sition is necessary. The inhomogeneity in the FePt com-

position at 393 K may be due to the mismatch in the

reduction potential of polyols on Fe and Pt. In the presence

of hydroxyl ions at 393 K, the reduction of Fe is found to

occur within 2–3 min whereas all the Pt ions are reduced to

Pt in 10–15 min. However, at higher temperature the entire

Pt may be reduced along with Fe. The synthesis at 473 K

may enable the complete reduction of Fe and Pt for a

particular hydroxyl ion concentration which may result in

homogeneous composition. Hence the reaction was carried

out at 473 K in order to obtain homogeneous Fe50Pt50.

Composition controlled fcc-Fe50Pt50

Since it was suggested that the homogeneous composition

could be obtained at 473 K, the reaction was carried out at

this temperature for a Fe/Pt molar ratio of 2. The core-

duction can be fine tuned by either varying the temperature

or hydroxyl ion concentration. For complete reduction,

the reaction has to be carried out at 473 K and hence the

hydroxyl ion concentration is varied.

Table 2 shows the lattice parameter, grain size and

phases present for the samples synthesized in TMEG at

473 K on varying the [OH–]/Fe ratio. Without hydroxyl

ions the FePt nanoparticles are Pt rich whereas with

increasing hydroxyl ions the composition of FePt could be

controlled. The lattice parameter obtained without hydroxyl

ions is 3.916 Å, which is close to the cubic Pt (PDF #

040802). The composition of the FePt nanoparticles

obtained from EDX analysis is Fe13Pt87. When the [OH–]/

Fe ratio is further increased to 2.5 both Fe and FePt are

found to be present. This may be due to the insufficient

hydroxyl ion concentration required to coreduce both Fe

and Pt. Here, Pt is reduced faster compared to Fe and hence

all the Fe are not combined with Pt resulting in Pt rich FePt

and Fe. However, when the [OH–]/Fe ratio is increased to

5, Fe and Pt are reduced in equal amount to form Fe50Pt50

nanoparticles. The equiatomic composition of Fe50Pt50 thus

achieved is almost homogeneous with a variation of only

±3 at.%. The lattice parameter is found to decrease to

3.892 Å which is close to that of fcc-FePt (PDF # 290718).

The grain size is also found to decrease from 8.2 nm

without hydroxyl ions to 2.4 nm for a [OH–]/Fe ratio of 5.

When the OH/Fe ratio is increased further the grain size

decreases further and other phases such as Fe and Fe3O4

begin to appear. This is due to the fact that with increasing

[OH–]/Fe ratio, the coreduction of Fe and Pt could not be

achieved due to the decrease in the reduction temperature

of Pt and increasing volume fraction of Fe which subse-

quently gets oxidized. The increase in the lattice parameter

is due to the formation of Fe rich phase. Figure 4 shows the

XRD pattern of the FePt nanoparticles synthesized in

TMEG at 473 K (a) without hydroxyl ions and (b) with

[OH–]/Fe ratio 5. The XRD pattern confirmed that oxides

or Fe phase are absent in both cases. The XRD line

broadening for the samples with a [OH–]/Fe ratio of 5

suggested that the grain size decreases with the presence of

hydroxyl ions. The TEM analysis of the particles synthe-

sized with hydroxyl ions showed particle size in the range

2–3 nm as shown in Fig. 5. The particle size is closer to the

average grain size obtained from XRD. This indicates that

the particles are single crystalline and are single domain.

The above studies indicate that fcc-FePt nanoparticles of

the composition Fe50Pt50 could be obtained in TMEG with

a [OH–]/Fe ratio of 5. The magnetic properties of the

Fe50Pt50 will be interesting to know if the particle posses

high coercivity due to ordering or particle size.

Fig. 3 The TEM micrograph of the FePt nanoparticles synthesized in

TMEG at 393 K

Table 2 The lattice parameter, grain size and phases present for the

FePt samples synthesized in TMEG at 473 K on varying the [OH–]/Fe

ratio

[OH–]/Fe

ratio

Lattice parameter,

a (±0.005 Å)

Grain size,

D (nm)

Phases

0 3.916 8.2 Pt rich

2.5 3.892 3.3 Fe + Fe30Pt70

5 3.892 2.4 Fe50Pt50

10 3.917 2.2 Fe70Pt30 + Fe

20 3.913 2.0 FePt + Fe + Fe3O4
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Magnetic properties of Fe50Pt50

The coercivity of a magnetic material is a function of the

particle size. In FePt nanoparticles, the coercivity depends

on (a) ordering parameter and (b) particle size. The disor-

dered fcc FePt nanoparticles are magnetically soft and hence

show low coercivity. Figure 6 shows the hysteresis loop of

the Fe50Pt50 nanoparticles measured in a SQUID at 300 and

5 K. The coercivity of the 2–3 nm particles is around 250 Oe

at room temperature as shown in the inset of Fig. 5. The

presence of nonzero value for the coercivity indicates that all

the particles are not completely superparamagnetic whereas

such disordered fcc FePt nanoparticles of 4 nm are found to

show zero coercivity [16]. This suggests that some amount of

ordering should be present in the sample which is also

confirmed from the coercivity of 1.3 kOe at 5 K. However,

the ordering could not be much pronounced in these samples

as particles size above 4 nm is required to obtain significant

ordering [17]. Further work is in progress to obtain particles

of diameter larger than 4 nm. The above studies have also

opened up the possibility that ordered FePt could be formed

at low temperatures in polyols. Further improvement in the

coercivity of the nanoparticles could be obtained on

increasing the particle size.

Conclusions

Composition controlled Fe50Pt50 nanoparticles were syn-

thesized using a modified polyol process by reducing Fe

and Pt at low temperatures. The fcc-Fe50Pt50 nanoparticles

are not completely superparamagnetic at room temperature

inspite of their smaller size of 2–3 nm. Partial ordering is

also expected to be present in the as-synthesized FePt

nanoparticles which exhibit coercivity at low temperature.

Acknowledgements This work was supported by Grant-in-Aid for

Basic Research #(A) 17201021 and #(S) 14103016 from the Ministry

of Education, Science, Culture and Sport of Japan, and Grant-in-Aid #

0171078-A from the Iketani Science and Technology Foundation.

The authors acknowledge K. Motomiya for the TEM measurements

and T. Ogawa, Electrical Engineering Department for the SQUID

measurements.

References

1. Sun S, Murray CB, Weller D, Folks L, Moser A (2000) Science

287:1989

2. Sun S (2006) Adv Mater 18:393

-60000 -40000 -20000 0 20000 40000 60000

-0.04

-0.02

0.00

0.02

0.04

-4000  -2000     0    2000   4000

300 K

5 K

).u.a( noitazitenga
M

Applied field (Oe)

(a)

H
c
=1.3 kOe

300 K

5 K

Fig. 6 The hysteresis loop of the Fe50Pt50 nanoparticles synthesized

in TMEG at 473 K. (a) portion of the hysteresis loop showing the

coercivity at 300 and 5 K

Fig. 4 The XRD pattern of the FePt nanoparticles synthesized in

TMEG at 473 K (a) without hydroxyl ions (b) with [OH–]/Fe ratio 5

Fig. 5 The TEM micrograph of the Fe50Pt50 nanoparticles synthe-

sized in TMEG at 473 K

J Mater Sci (2008) 43:2402–2406 2405

123



3. Klemmer TJ, Shukla N, Liu C, Wu XW, Svedberg EB, Mryasov

O, Chantrell R, Weller D, Tanase M, Laughlin DE (2002) Appl

Phys Lett 81:2220

4. Inomata K, Sawa T, Hashimoto S (1988) J Appl Phys 64:2537

5. Jeyadevan B, Hobo A, Urakawa K, Chinnasamy CN, Shinoda K,

Tohji K (2003) J Appl Phys 93:7574

6. Liu C, Wu X, Klemmer T, Shukla N, Yang X, Weller D, Roy AG,

Tanase M, Laughlin D (2004) J Phys Chem B 108:6121

7. Jeyadevan B, Urakawa K, Hobo A, Chinnasamy N, Shinoda K,

Tohji K, Djayaprawira DDJ, Tsunoda M, Takahashi M (2003)

Jpn J Appl Phys 42:L350

8. Komarneni S, Pidugu R, Li QH, Roy R (1995) J Mater Res

10:1687

9. Komarneni S, Li D, Newalkar B, Katsuki H, Bhalla AS (2002)

Langmuir 18:5959

10. Komarneni S, Katsuki H, Li D, Bhalla AS (2004) J Phys Condens

Matter 16:S1305

11. Li D, Komarneni S (2006) Zeitschrift fuer Naturforschung B

61:1566

12. Joseyphus RJ, Kodama D, Matsumoto T, Sato Y, Jeyadevan B,

Tohji K (2007) J Magn Magn Mater 310:2393

13. Jeyadevan B, Shinoda K, Justin RJ, Matsumoto T, Sato K, Ta-

kahashi H, Sato Y, Tohji K (2006) IEEE Trans Magn 42:3030

14. Kodama D, Shinoda K, Sato K, Konno Y, Joseyphus RJ, Mot-

omiya K, Takahashi H, Matsumoto T, Sato Y, Tohji K, Jeyad-

evan B (2006) Adv Mater 18:3154

15. Lyubina J, Gutfleisch O, Muller KH, Schultz L, Dempsey NM

(2004) J Appl Phys 95:7474

16. Sun S, Anders S, Thomson T, Baglin JEE, Toney MF, Hamann

HF, Murray CB, Terris BD (2003) J Phys Chem B 107:5419

17. Takahashi YK, Koyama T, Ohnuma M, Ohkubo T, Hono K

(2004) J Appl Phys 95:2690

2406 J Mater Sci (2008) 43:2402–2406

123


	Composition controlled synthesis of fcc-FePt nanoparticles using �a modified polyol process
	Abstract
	Introduction
	Experimental procedures
	Results and discussion
	Synthesis of FePt in polyols
	Composition controlled fcc-Fe50Pt50
	Magnetic properties of Fe50Pt50

	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


