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Polystyrene template microspheres of narrow size distribution were prepared by dispersion

polymerization of styrene in a mixture of ethanol and 2-methoxyethanol. These template particles,

dispersed in an aqueous solution, have been used to entrap Fe3(CO)12 and Co2(CO)8 complexes,

using a single-step swelling process of methylene chloride and benzene emulsion droplets

containing these complexes, within the particles. The effect of the swelling solvents (methylene

chloride and benzene) on the size and size distribution of the swollen template particles was

elucidated. Air-stable Fe and Co nanocomposite particles have been prepared by thermal

decomposition of the Fe3(CO)12 and Co2(CO)8 swollen template particles at 600 1C in an inert

atmosphere. These nanocomposite particles have a core-shell structure, where a thin coating of

metal oxide and carbon protects the core crystalline metal (Fe and Co) from oxidation. The

characterization of the various microspheres and the air-stable Fe and Co nanocomposite

particles was accomplished by light microscopy, TEM, SEM, XRD, XPS, elemental analysis, and

magnetic measurements.

Introduction

The synthesis of magnetic nanoparticles is of interest to

researchers in both academia and industry due to its wide

range of application in magnetic and electronic devices,1–3

medicine,4 and new technologies such as environmental reme-

diation.5 The magnetic behavior of these systems has been

found to be particularly dependent on their crystalline char-

acter and on their size and size distribution. Co and Fe

nanoparticles are of special interest since these metals have

the highest magnetic moments among the ferromagnetic tran-

sition metals. However, Fe and Co nanoparticles are easily

oxidized, e.g. by air, and thereby significantly lose their main

advantage of a very high magnetic moment. Intensive efforts

have been made toward coating and protecting Fe and Co

nanoparticles from air oxidation. Air-stable Fe or Co particles

have been prepared by different methods, e.g. embedding the

particles in polymer matrices,6,7 passivating them with an

oxide shell,2 carbonizing Fe powder with methane, thereby

producing iron carbide embedded in a carbon matrix,7–10 and

high temperature annealing of mixtures of hematite and

carbon powders.1 The present article describes a simple pro-

cess to prepare air-stable Fe and Co nanocomposite particles,

based on a single-step swelling of polystyrene (PS) template

microspheres with Fe3(CO)12 or Co2(CO)8, followed by the

thermal decomposition of the template particles containing

these metal complexes in an inert atmosphere.

Ugelstad and co-workers invented a useful, multi-step swel-

ling method of uniform template particles with various acry-

late monomers and initiators, for the production of different

uniformly-sized particles with controllable properties.11,12 The

first step of the multi-step swelling method is associated with

the activation of uniform template particles (usually PS). The

activation of these particles is accomplished by swelling the

particles dispersed in an aqueous phase with emulsion droplets

of a swelling solvent, e.g. dibutyl phthalate, methylene chlor-

ide, toluene, or 1-chlorodecane. The first swelling step stimu-

lates the swelling of the template particles in the subsequent

steps. When the activation swelling step is completed, the

second swelling step takes place by introducing the slightly

enlarged template particles to monomers, initiator and poro-

gens. This can be done in one step, or through the sequential

addition of each component. The polymerization of the mono-

mers within the uniformly-swollen particles can then be in-

duced by increasing the temperature. An alternative swelling

method, called ‘‘the dynamic swelling method’’,13 was in-

vented by Okubo et al. According to this method, uniform

PS template particles can be swollen significantly, while main-

taining their uniformity, by the slow, continuous, dropwise

addition of water into an ethanol–water medium containing

the template particles and the hydrophobic monomer(s) and

initiator (e.g. styrene and benzoyl peroxide). Polymerization

can then be performed, as previously described, by increasing

the temperature. According to the dynamic swelling method,

there is no need to use a swelling solvent, and the process can

be performed in a one-step procedure. A new method for

preparing particles of narrow size distribution and controlled

chemical properties, based on a single-step swelling process of

template uniform microspheres, was recently published by
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Margel et al.14,15 According to this process, the swelling of the

template particles with the initiator and monomer(s) via a

swelling solvent is accomplished in a single step, in contrast to

the multi-swelling steps where the swelling with these reagents

is accomplished in two or more sequential steps. Recently, we

used the single-step swelling process to entrap Fe(CO)5 rather

than acrylate monomers within the PS template microspheres.

The Fe(CO)5 swollen particles were then used for the forma-

tion of air-stable Fe nanocrystalline particles by the thermal

decomposition of the swollen template particles at 600 1C in an

inert atmosphere.16 However, Fe(CO)5 is highly toxic.17 In

addition, the yield of the entrapped Fe within the nanocom-

posite particles is low. Fe(CO)5 evaporates at 103 1C, so a

substantial part of the entrapped complex evaporates before

the decomposition of the PS at 600 1C. The present manuscript

describes a method to prepare air-stable Fe and Co nanocom-

posite particles by a similar single-step swelling process, sub-

stituting Fe(CO)5 for Fe3(CO)12 or Co2(CO)8. Fe3(CO)12 is

two thousand times less toxic than Fe(CO)5.
17 Furthermore,

Fe3(CO)12 and Co2(CO)8 are solid powders that decompose to

the relevant metals at 150 1C and 90 1C, respectively, without

melting, while Fe(CO)5 evaporates at 103 1C and decomposes

at 380 1C.18

Experimental

Materials

The following analytical-grade chemicals were purchased from

Aldrich, and were used without further purification:

Fe3(CO)12 powder protected by 5–10% w/w methanol,

Co2(CO)8 powder protected by 10% w/w hexane, benzoyl

peroxide (BP) 98%, sodium dodecyl sulfate (SDS), polyvinyl-

pyrrolidone (PVP, MW 360 000), ethanol (HPLC), 2-methoxy-

ethanol (HPLC), benzene (HPLC), and methylene chloride

(HPLC). Styrene (Aldrich 99%) was passed through activated

alumina (ICN) to remove inhibitors before use. Water was

purified by passing de-ionized water through an Elgastat Spec-

trum reverse osmosis system (Elga Ltd, High Wycombe, UK).

Synthesis of polystyrene template microspheres

Uniform PS template microspheres, of 2.7 � 0.3 mm diameter,

coated with PVP, were prepared by dispersion polymerization

of styrene in a mixture of ethanol and 2-methoxyethanol in the

presence of the stabilizer PVP, according to the litera-

ture.16,19,20

Single-step swelling of polystyrene template microspheres with

Fe3(CO)12 and Co2(CO)8

PS template microspheres of 2.7 � 0.3 mm diameter, were

swollen with methylene chloride containing Fe3(CO)12, or

benzene containing Co2(CO)8, according to the following

procedure: 2 ml of methylene chloride containing 5%

Fe3(CO)12 were added to a 20 ml vial containing 10 ml of a

1.5% (w/v) SDS aqueous solution. Emulsion droplets of the

methylene chloride solution were then formed by sonication

(Sonics and Materials, model VCX-750, Ti-horn 20 KHz) of

the former mixture at 4 1C for 30 s. 3.5 ml of an aqueous

suspension of the PS template microspheres (7% w/v) were

then added to the stirred emulsion. After the swelling was

completed, and the mixture did not contain any small emul-

sion droplets of methylene chloride containing Fe3(CO)12, as

verified by optical microscopy, the diameter of the swollen

microspheres was measured. Evaporation of the entrapped

methylene chloride was then performed by mild purging with

nitrogen at room temperature for ca. 4 h through the shaken,

open vial containing the swollen particle aqueous mixture. The

excess reagents were then washed from the PS particles con-

taining the entrapped Fe3(CO)12 by several centrifugation

cycles with water, and the particles then dried under a nitrogen

flow for a few hours. A similar process, substituting the 2 ml

methylene chloride containing 5% Fe3(CO)12 for benzene

containing 5% Co2(CO)8, was performed for entrapping the

cobalt complex within the PS template microspheres.

Synthesis of air-stable Fe and Co nanocomposite particles

Air-stable Fe and Co nanocomposite particles were formed by

heating the dried PS particles containing the entrapped metal

complexes in a quartz tube at 600 1C under flowing Ar gas

for 3 h.

Characterization of the particles

Optical microscope pictures were obtained with an Olympus

microscope, model BX51. The microspheres’ average size and

size distribution were determined by measuring the diameters

of more than 100 particles on optical micrographs with image

analysis software, AnalySIS Auto (Soft Imaging System

GmbH, Germany). Surface morphology was characterized

with a JEOL scanning electron microscope (SEM) (model

JSM-840). Low resolution, transmission electron microscope

(TEM) pictures were obtained with a JEOL-JEM100SX elec-

tron microscope with a 80–100 kV accelerating voltage. High-

resolution TEM (HRTEM) images were obtained by employ-

ing a JEOL-3010 device with a 300 kV accelerating voltage.

Samples for TEM and HRTEM were prepared by placing a

drop of the diluted sample on a 400-mesh carbon-coated

copper grid. Fourier transform infrared (FTIR) analysis was

performed with a Bomem FTIR spectrophotometer, model

MB100, Hartmann & Braun. The analysis was performed with

13 mm KBr pellets that contained 2 mg of the detected

material and 198 mg KBr. The pellets were scanned over 200

scans at a 4 cm�1 resolution. Elemental analysis of the various

nanocomposite particles was performed using an elemental

analysis instrument, model EA1110, CE Instruments, Ther-

moquast. Surface elemental analysis was obtained by X-ray

photoelectron spectroscopy (XPS), model AXIS-HS, Kratos

Analytical, England, using Al Ka lines, at 10�9 Torr, with a

take-off angle of 901. The reported values of both the XPS and

the elemental analysis are an average of measurements per-

formed on at least three samples of each of the tested particles,

and have a maximum error of about 10 and 2%, respectively.

Powder X-ray diffraction (XRD) patterns were recorded using

an X-ray diffractometer (model D8 Advance, Bruker AXS)

with Cu Ka radiation. Magnetic measurements were per-

formed on a sample that was introduced into a plastic capsule.

Measurements at room temperature were performed using an

Oxford Instrument vibrating sample magnetometer (VSM).

1508 | New J. Chem., 2007, 31, 1507–1513 This journal is �c the Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2007
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Magnetization was measured as a function of the external field

being swept up and down (�16 000 Oe o Happlied o 16 000

Oe, in steps of 200 Oe).

Results and discussion

The swelling of the PS template microspheres was accom-

plished with two swelling solvents, methylene chloride and

benzene, both of which are known to be efficient swelling

solvents for PS microspheres.8,21 Methylene chloride is a good

solvent for Fe3(CO)12, but scarcely dissolved the Co2(CO)8.

On the other hand, benzene is quite a good solvent for

Co2(CO)8, but not for Fe3(CO)12. Fig. 1A–C show light

microscope pictures that allow one to compare the swelling

ability of the PS template particles by methylene chloride and

benzene containing 5% (w/v) Fe3(CO)12 or Co2(CO)8, respec-

tively. Before swelling, the PS template microspheres had a

size and size distribution of 2.7 � 0.3 mm (Fig. 1A). As a

consequence of their swelling with 2 ml of methylene chloride

containing Fe3(CO)12, their size distribution was retained,

while their diameter increased to 4.8 � 0.3 mm, ca. a 220%

increase in the average diameter (Fig. 1B). On the other hand,

a similar swelling process, substituting the methylene chloride

containing the Fe complex for benzene containing the Co

complex, resulted in an increased size and size distribution

from 2.7 � 0.3 mm to 6.2 � 1.2 mm, ca. a 300% increase in the

average diameter, and a significant increase in the size dis-

tribution. It should be noted that the swelling behavior of the

PS template particles by methylene chloride or benzene in the

absence or presence of 5% of the metal complexes was similar.

This behavior indicates that the main contributors to the

swelling of the PS template particles are methylene chloride

and benzene, while the contributions of Fe3(CO)12 and

Co2(CO)8 to the swelling are negligible. It should also be

noted that addition of 5 ml, instead of 2 ml, methylene

chloride or benzene resulted in total dissolution of the PS

template particles. The completion of the swelling process was

verified by optical microscopy, as indicated in the experimen-

tal section, by the disappearance of the small droplets of the

emulsified methylene chloride or benzene from the swollen

particle mixture, indicating that all the metal complexes are

either entrapped within the PS particles or adsorbed on their

surfaces.

After completion of the swelling process, the swelling

solvents were removed from the particles by mild purging

with nitrogen at room temperature for ca. 4 h through the

shaken, open vial containing the swollen particle aqueous

mixture. The evaporation of the swelling solvents leads to

the contraction of the particles containing the Fe and Co

complexes from 4.8 � 0.3 to 2.9 � 0.3 mm and from 6.2 � 1.2

to 2.7 � 0.4 mm, respectively. Fig. 2 illustrates with SEM

pictures the smooth surface of the PS microspheres (A), in

contrast to the rougher surfaces of the PS microspheres

containing the metal complexes (B & C). This surface rough-

ness may be due to adsorption of the metal complexes on the

particles’ surfaces. Fig. 2C illustrates that the surface rough-

ness of microspheres containing the Co complex is signifi-

cantly higher than that of those containing the Fe complex

(Fig. 2B). This difference may indicate that the Co complex is

adsorbed on the surface of the PS particles to a much higher

extent than the Fe complex. Indeed, XPS surface analysis of

the particles containing the metal complexes illustrated that

the surface concentration of Fe is 2.4 times lower than that of

Co: 2.4 and 7.0%, respectively.

Fig. 3 depicts the FTIR spectra of the PS template micro-

spheres (A), Fe3(CO)12 (B), Co2(CO)8 (C), and PS template

Fig. 1 Light microscope pictures of PS template microspheres (A), and PS template microspheres swollen with 2 ml methylene chloride containing

100 mg of Fe3(CO)12 (B), or 2 ml benzene containing 100 mg of Co2(CO)8 (C). The swelling process was accomplished according to the

experimental section.

Fig. 2 SEM pictures of the PS template microspheres (A) and the PS microspheres containing Fe3(CO)12 (B) or Co2(CO)8 (C). The swelling

process and the evaporation of the swelling solvents were accomplished according to the experimental section.

This journal is �c the Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2007 New J. Chem., 2007, 31, 1507–1513 | 1509
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particles containing Fe3(CO)12 (D) or Co2(CO)8 (E). Fig. 3A

reveals a typical IR spectrum of PS: the peaks at 1492 and

3000–3100 cm�1 correspond to the aromatic CH stretching

bands, 2849 and 2922 cm�1 to the CH2 stretching bands and

700 cm�1 to the C–C vibration band. Fig. 3B reveals an IR

spectrum of Fe3(CO)12: 1900–2100 cm�1 corresponds to the CO

stretching bands (the terminal M–CO and the doubly-bridging

CO) and 555 cm�1 to the Fe–C stretching band. Fig. 3C reveals

an IR spectrum of Co2(CO)8: 2100 cm�1 corresponds to the

terminal M–CO stretching band, 1850 cm�1 to the doubly-

bridging CO stretching band and 570 cm�1 to the Co–C stretch-

ing band. Fig. 3D demonstrates the presence of Fe3(CO)12 in the

PS microspheres, by illustrating peaks belonging both to PS (700,

1492, 3000 cm�1, etc.) and to Fe3(CO)12 (2100 cm�1, 550 cm�1,

etc.). Surprisingly, the spectrum shown in Fig. 3E does not fit

that expected for the PS microspheres containing the Co com-

plex, since the peaks belonging to the complex do not match

those of Co2(CO)8. This result is difficult to understand and

requires further investigation. We assume that the peaks at ca.

1550 cm�1 belong to Co7(CO)15, which, produced from the

Co2(CO)8, is entrapped within the PS particles, as reported in the

literature.22

Air-stable Fe and Co nanocomposite particles were formed by

heating the dried PS particles containing the Fe3(CO)12 or

Co2(CO)8 in a quartz tube at 600 1C under Ar atmosphere,

according to the experimental section. Tables 1 and 2 illustrate

the surface and bulk composition of the Fe and Co nanocom-

posite particles, as studied by XPS23,24 and elemental analysis,

respectively.

These tables show that the surface concentration of C and O

is significantly higher than that of the bulk, e.g., the surface

and bulk concentrations of C in the Fe nanocomposite parti-

cles are 74 and 17.8%, respectively. The higher concentration

of O on the surface is probably due to the surface oxidation of

Fe and carbon. On the other hand, the surface concentrations

of Fe (4.3%) and Co (2.9%) of these nanocomposite particles

are significantly lower than those of the bulk (69.8 and 71.8%,

respectively). These results may indicate that the core of these

nanocomposite particles is mainly composed of metals coated

by a shell of carbon and metal oxides.

In previous work,16 Fe nanocomposite particles were pre-

pared similarly, substituting the trapping of 0.2 mmol

Fe3(CO)12 within the PS template microspheres for 7.0 mmol

Fe(CO)5. However, in spite of the significantly higher concen-

tration of Fe(CO)5 [7.0 mmol] compared to Fe3(CO)12
[0.2 mmol], the yield of trapped Fe in the nanocomposite

particles formed with Fe(CO)5 was lower: 47 and 69.8%,

respectively. The lower yield of trapped Fe within the nano-

composite particles on using Fe(CO)5 as the Fe source may be

explained by the low boiling temperature of this complex (bp

103 1C, decomposition temperature 380 1C), so that a sub-

stantial part of the entrapped complex evaporates before the

decomposition of the PS at 600 1C. On the other hand,

Fe3(CO)12 and Co2(CO)8 are solid powders that decompose

to the relevant metals at 150 1C and 90 1C, respectively,

without melting.18

Fig. 3 FTIR spectra of the PS template microspheres (A), Fe3(CO)12
(B), Co2(CO)8 (C), and the PS template microspheres containing

Fe3(CO)12 (D) or Co2(CO)8 (E). The PS microspheres containing the

Fe3(CO)12 or Co2(CO)8 were prepared according to the experimental

section.

Table 1 XPS surface elemental analysis of the Fe and Co nanocom-
posite particles

Nanocomposite type

Surface elemental analysis (wt%)

C O Metal

Fe 74 21.7 4.3
Co 79.4 17.7 2.9

Table 2 Elemental analysis of the Fe and Co nanocomposite particles

Nanocomposite type

Elemental analysis (wt%)

C H O Metala

Fe 17.8 0.6 11.8 69.8
Co 18.8 0.5 8.9 71.8

a The Fe and Co nanocomposite particles were prepared according to

the experimental section. The% Fe and Co was calculated by reducing

from 100 the % of the sum of the other elements (C, H, and O).

1510 | New J. Chem., 2007, 31, 1507–1513 This journal is �c the Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2007

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

B
el

gr
ad

e 
on

 0
1 

Ja
nu

ar
y 

20
13

Pu
bl

is
he

d 
on

 1
8 

M
ay

 2
00

7 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/B

70
17

30
H

View Article Online

http://dx.doi.org/10.1039/b701730h


Fig. 4A and B show the XRD patterns of the Fe and Co

nanocomposite particles decomposed at 600 1C for 3 h under

argon atmosphere. The XRD data of the Fe nanocomposite

particles (Fig. 4A) reveal the presence of body-centered cubic

(bcc)-Fe at 2y = 44.81, cementite Fe3C at 2y = 38, 42.3, 40.8,

44, 44.9, 461, and Fe3O4 at 2y = 35.61. The XRD spectrum of

the Co nanocomposite particles (Fig. 4B) consists of fcc-Co at

2y = 44.41, and a small amount of Co3O4 at 2y = 36.61.

The magnetization curves presented in Fig. 5 show well-

defined hysteresis loops of the Fe (A) and Co (B) nanocom-

posite particles, which exhibit ferromagnetic behavior. The

M(H) plots of both metal nanocomposite particles reach

saturation in fields around 5000 Oe. The saturation magneti-

zation (MS), remanent magnetization (MR), and coercivity

(HC) of the Fe and Co nanocomposite particles, are illustrated

in Table 3. The saturation magnetization and coercivity of the

Fe nanocomposite particle are 63 emu g�1 and 295 Oe,

respectively. The reported values of bulk bcc-Fe are 222 emu

g�1 and 40 Oe.25 The lower MS and the higher HC can be

explained by the composition of these nanocomposite parti-

cles: approximately 70% Fe, and 30% C, O and H (see Table

2). Furthermore, the Fe nanocomposite particles contain, in

addition to bcc-Fe, a substantial concentration of Fe3C and

Fe3O4 (see Fig. 4), and the MS values of Fe3C (14 emu g�1)

and Fe3O4 (75 emu g�1) are significantly lower than that of

bcc-Fe (222 emu g�1).26,27 The HC value of Fe3C is also higher

than that of bcc-Fe.27

Table 3 also illustrates that theMS of the Co nanocomposite

particles is 77 emu g�1, significantly lower than that of crystal-

line fcc-Co (MS = 160 emu g�1).28 As previously stated, this

difference can be explained by the composition of the Co

nanocomposite particles (approximately 70% Co and 30% C,

H and O), and the substantial presence of Co3O4 in the

nanocomposite particles, which possess MS of 0.001 emu

g�1.29 However, the presence of an oxide layer can be the

cause for enhancing the resulting coercivity from a few tens to

a few hundreds of Oe in the Co nanocomposite particles.30–32

The TEM images of the Fe and Co nanocomposite particles

(Fig. 6A and B, respectively) illustrate monodispersed particles

of an average diameter and size distribution of 210 � 76 and

130 � 60 nm, respectively. The size distribution of these

nanocomposite particles is significantly superior to that of

the Fe nanocomposite particles obtained by using Fe(CO)5 as

a precursor for Fe: 305 � 110 nm.16 HRTEM images of the Fe

and Co nanocomposite particles (Fig. 6C and D) show that

these particles have a core-shell structure wherein the shell

thickness of both nanoparticles is approximately 5 nm. Fig. 6C

demonstrates that the coating of the Fe particles is composed

of internal and external layers with d-spacings of 2.56 and

3.32 Å, respectively. These interlayer distances may indicate

that the internal one is composed of Fe3O4 and the external

one of graphite.25 The electron diffraction patterns of the Fe

and Co nanocomposite particles (Fig. 6E and F) show the

distinct patterns of the crystalline composites. The intensities

of the diffraction ring/spots shown in Fig. 6E are 2.08 and

1.47 Å, consistent with metallic iron (bcc-Fe: 2.03, 1.43 Å),

and 2.57 Å, which corresponds to Fe3O4.
33 The intensities of

the diffraction spots shown in Fig. 6F are 2.06, 1.83 and 1.3 Å

that match fcc-Co, while 2.45 and 4.7 Å match Co3O4.

The storage stability at room temperature in air of the Fe

and Co nanocomposite particles was tested by sequential XPS,

elemental analysis, XRD, and magnetic susceptibility mea-

surements. These measurements did not indicate any signifi-

cant changes during one year’s storage. Also, no visible change

was observed during this period of time. The nanocomposite

particles were also stable for at least one week upon contact

Fig. 4 XRD patterns of the Fe (A) and Co (B) nanocomposite

particles. The Fe and Co nanocomposite particles were prepared

according to the experimental section.

Fig. 5 Magnetization curves of the Fe (A) and Co (B) nanocomposite

particles. The Fe and Co nanocomposite particles were prepared

according to the experimental section.

Table 3 Magnetic properties of the Fe and Co nanocomposite
particles

Nanocomposite type MS/emu g�1 MR/emu g�1 HC/Oe

Fe 63 16 295
Co 76.6 18 247

This journal is �c the Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2007 New J. Chem., 2007, 31, 1507–1513 | 1511
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with water, 1 M aqueous NaOH solution, and ethanol. Treat-

ment with 1 M HCl causes a rapid dissolution of the nano-

composite particles. The air-stability of these particles is

probably due to the protective shell of carbon and Fe3O4 or

Co3O4 around the metal cores.

Conclusions and future plans

This article describes a simple and efficient process for the

synthesis of air-stable Fe and Co crystalline magnetic nano-

composite particles. The first step consists of encapsulation of

the Fe3(CO)12 or Co2(CO)8 complexes within uniform PS

template microspheres, by a single-step swelling process. De-

composition of the as-prepared PS particles containing the

metal complexes at 600 1C under an argon atmosphere leads to

the formation of air-stable Fe and Co nanocomposite

particles. These nanoparticles are composed of a metal core

coated by a carbon and metal oxide protective shell. This

process for preparing the metal-containing nanocomposite

particles is significantly superior to the former process

reported by us,16 through which air-stable Fe nanocomposite

particles were prepared by a similar process, substituting the

Fe3(CO)12 precursor for Fe(CO)5. Fe3(CO)12 is two thousand

times less toxic than Fe(CO)5. The yield of Fe trapped within

the nanocomposite particles using the Fe3(CO)12 precursor is

significantly higher, and the monodispersity of the Fe

nanocomposite particles observed in the present article is

much superior to that obtained on using Fe(CO)5 as the metal

source. In future studies we wish to extend this approach

for studies concerning PS template particles of lower diameters

(e.g. below 1.0 mm), as well as for the preparation via a similar

process of other air-stable magnetic nanocomposite particles,

e.g. Ni.
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