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Hybrid magnetic nanoparticles (mgNP) with a magnetite core diameter of 10 � 1 nm surface

functionalized with oligo(u-pentadecalactone) (OPDL) oligomers with Mn between 1300 and 3300 g

mol�1 could be successfully prepared having OPDL grafted from 200 mg g�1 to 2170 mg g�1. The

particles are dispersible in chloroform resulting in stable suspensions. Magnetic response against an

external magnetic field proved the superparamagnetic nature of the particles with a low coercivity (Bc)

value of 297 mT. The combination of the advantageous superparamagnetism of the mgNP with the

exceptional stability of OPDL makes these novel hybrid mgNP promising candidates as

multifunctional building blocks for magnetic nanocomposites with tunable physical properties.
Introduction

Recently, homo- and multi-block copolymers as well as copol-

ymer networks providing poly(u-pentadecalactone) (PPDL)

segments attracted great interest because of their unique thermal

and mechanical properties.1–6 On the one hand PPDL is an

aliphatic polyester, which features the properties of polyethylene

(PE) due to the high crystallinity of the aliphatic C14H28 unit

resulting in a melting temperature (Tm) close to 100 �C (LDPE;

Tm ¼ 100–117 �C). Depending on the molecular weight of the

PPDL E-moduli of up to 420 MPa and elongations at break (3b)

of more than 1200% could be achieved, which is comparable to

those of LDPE.3 On the other hand, PPDL also provides ester

linkages, which could be cleaved.2,5–10 The ester linkages are

relatively stable towards hydrolytical or enzymatic degradation,

but could be cleaved when harsher conditions were applied.

When multiblock copolymers were prepared from oligo(u-

pentadecalactone) (OPDL) and poly(3-caprolactone) (PCL)

segments, shape-memory polymers could be obtained.4 The

PCL-segments provided the domains acting as switching

domains for fixing the temporary shape, while the OPDL

segments provided the hard domains fixing the permanent shape.

The copolymerisation of star-shaped hydroxyl-telechelic
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precursors from PCL and OPDL enabled copolymer networks,

in which PCL- and OPDL-segments provided switching

domains, resulting in triple-shape materials with the ability to

memorize two temporary shapes.5,6 Such properties would be

highly interesting for the design of the surface/interface of

nanoparticles.

The incorporation of organic or inorganic particles into shape-

memory materials creates multifunctional shape-memory poly-

mers. Of special interest is the incorporation of magnetic nano-

particles (mgNP), which provides nanocomposites combining

the advantages of organic polymers (flexibility and process-

ability) with magnetosensitivity.11 Such nanocomposites can be

formed by the incorporation of the mgNP before, during, or after

the crosslinking process.12 However, this physical mixing of

mgNP can result at high loading level in loss of elastic properties

or material functionality.13

At the same time monodispersed mgNP are necessary as the

agglomerated nanoparticles formed due to strong magnetic

dipole–dipole attraction differ in the magnetic properties from

the individual nanoparticles.14,15 A common strategy to obtain

the required properties is the encapsulation of mgNP. Quite

frequently, coating with an additional inorganic layer such as

silica has been explored.16,17 Such inorganic coatings can result in

a tremendous shielding of the magnetic properties as well as the

thermal conductivity of particles. Although the compatibility of

the mgNP with the polymer matrix is enhanced, the coated

particles still might be repelled from the polymer matrix due to

the chemical dissimilarity. Conclusively, another target aimed

approach is the surface modification of the mgNP with the

polymer, which is also used as a matrix of the nanocomposite,

creating magnetite–polymer hybrid nanoparticles.18–22 An inter-

esting approach would be core–shell mgNP in which the

magnetic properties of mgNP are combined with the structural

features and mechanical properties of OPDL.
J. Mater. Chem., 2012, 22, 9237–9243 | 9237
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Fig. 2 (a) SEM image of mgNP(1)OPDL(1.9). (b) Photographs of the

pure mgNP (left) and OPDL modified mgNP (right) (mgNP(1)

OPDL(1.9)) in chloroform taken after 24 h. (c) TEM analysis of the pure

mgNP. (d) TEM analysis of the mgNP(1)OPDL(1.9).
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Several routes have been explored to prepare polymer-coated

mgNP including (mini)emulsion or dispersion polymerization

techniques, adsorption of polymers, as well as surface complex-

ation. The major drawback of all these techniques is the phys-

isorption of the macromolecules on the particle surface, which

makes them very sensitive for dissolution and/or depletion.23–25 A

higher stability of the polymeric shell can be reached in the

‘‘grafting from’’ approach as the polymerization is initiated

directly from the particle surface resulting in covalently attached

polymer chains (Fig. 1). Most ‘‘grafting from’’ approaches

require a surface modification with an organic compound acting

as an initiator for the subsequent polymerization.26–30

Functionalisationofparticles in a ‘‘grafting from’’ approachwas

reported with different types of polymers such as poly(3-capro-

lactone),23,31–33 poly(rac-lactides),28,29 polyethylene oxide,21,34

polystyrene,35 poly(methyl methacrylate),27 and poly(N-vinyl

pyrrolidone)36 as well as by different grafting methods. When the

particleswere functionalizedwithPE, ahydrophobic surface could

be obtained. However, control of the molecular weight of the

macromolecules at the particle surface was rather difficult due to

the high polymerization rate. Certain control of the molecular

weight could be achieved, when the particle surfaces were func-

tionalized by ring-opening polymerization (ROP).25,31 The

obtained polymer surfaces were rather hydrophilic due to the low

ratio of methylene groups to ether and ester groups, respectively.

Here, we explored whether mgNP could be functionalized with

hydrophobic polymer chain segments by ROP of u-pentadeca-

lactone (PDL). We sketch the synthesis of the mgNP, investigate

a surface functionalisation of the mgNP with PDL, characterise

the surface-grafted OPDL, and discuss the influence of the

OPDL grafting on the magnetic properties of the mgNP.
Experimental

Materials and methods

Ferric chloride hexa-hydrate (FeCl3$6H2O), ferrous chloride

tetra-hydrate (FeCl2$4H2O), ammonium hydroxide (NH4OH),

u-pentadecalactone (PDL), dibutyltin oxide, and hydrochloric

acid were of analytical grade, obtained from Sigma-Aldrich

(Munich, Germany), and were used as received. The linear
Fig. 1 Synthetic pathway for the preparation of mgNP–OPDL.

9238 | J. Mater. Chem., 2012, 22, 9237–9243
OPDLr (Mn 3900 g mol�1) was obtained by ROP of PDL cata-

lyzed by dibutyltin oxide using hexane diol as an initiator.4 The

OPDL dimethacrylate (OPDL-DMA) (Mn 2800 g mol�1) was

prepared by equimolar conversion of terminal hydroxyl groups

of OPDL diol (Mn 2700 g mol�1) with 2-isocyanatoethyl meth-

acrylate (IEMA) in 88% yield.

The morphology and size of the particles were determined by

Transmission Electron Microscopy (TEM) with a Zeiss EM 902

(Zeiss, Oberkochen, Germany) (ESI, S1†); the morphology of

the composite was investigated by Scanning Electron Micros-

copy (SEM) with a Zeiss Gemini, Supra 40VP (Zeiss, Jena

Germany). Hydroxyl groups (OH-numbers) of the particles were

determined with a 716 DMS/719 S Titrino titrator system

combined with a LiCl-electrode (Metrohm, Filderstadt, Ger-

many). Thermal transitions of OPDL functionalized particles

(mgNP–OPDL) were determined by differential scanning calo-

rimetry (DSC) using a DSC 204 Phoenix (Netzsch, Selb, Ger-

many) in a range between�100 �C and 150 �Cwith a heating rate

of 5 �C min�1. FT-IR spectra were recorded from KBr discs

prepared from grafted- or non-grafted mgNP on a Nicolet

Magna 550 spectrometer. Thermogravimetric analysis (TGA)

was conducted on a Netzsch TG209 with a heating rate of 5 K

min�1 between 25 and 800 �C under a nitrogen purge. Wide angle

X-ray scattering (WAXS) measurements were conducted at

ambient temperature in reflection mode utilizing a Bruker D8

Discover (Karlsruhe, Germany) X-ray diffraction system with

a two-dimensional detector. 1H-NMR spectra were recorded on

a 500 MHz advance spectrometer (Bruker, Karlsruhe, Germany)

in deuterated chloroform with tetramethylsilane (TMS) as

internal standard. Mn of degrafted OPDL was determined by

MALDI-TOF using an UltrafleXtreme mass spectrometer

(Bruker, Bremen, Germany) (ESI, S1†). Mn of degrafted and

linear OPDL was also determined by a multidetector GPC-

system using chloroform as eluent (ESI, S1†). The magnetic

measurements were performed with a Princeton Measurements

Corporation Alternating GradientMagnetometer (MicroMag�,

Princeton, USA) (ESI, S1†). XAFS spectra were measured at the
This journal is ª The Royal Society of Chemistry 2012
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Fig. 3 (a) FT-IR spectra and (b) WAXS analysis; solid line: pure mgNP, dotted line: mgNP–GA, and dashed line: mgNP(1)OPDL(1.9).
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mSpot beamline at Bessy II in the XRF mode at the absorption

K-edge of Fe (7112 eV) as described in ref. 37.

Synthesis of mgNP

2.07 g FeCl3$6H2O and 0.81 g FeCl2$4H2O were dissolved in

100 mL water, which was continuously stirred and N2 was

bubbled in. The solution was heated to 80 �C, 10 mL NH4OH

were added dropwise, and stirred for another 30 min. After 2 h,

the black precipitate was collected with a magnet, washed twice

with deionized water and thrice with ethanol, and then dried at

60 �C under vacuum until constant weight was achieved.

Synthesis of mgNP–OPDL

mgNP were functionalized with hydroxyl groups by treating the

mgNP in an aqueous solution of glycolic acid (GA) with ultra-

sound for 30 min. The resulting suspension was kept for 12 h at

room temperature. The GA functionalized mgNP (mgNP–GA)

was then repeatedly washed with 1.3% v/v aqueous NH4OH to

remove free GA. OPDL functionalization of mgNP was achieved

by placing mgNP–GA (1 g), PDL (1.93 g), and dibutyltin oxide

(0.3 mg) as catalyst in a dried glass flask equipped with a magnetic

stirrer and subsequent stirringof the reactionmixture for 21daysat

130 �C. 10mL chloroformwas added to disperse the particles. The

uncoated and agglomerated particles were removed by centrifu-

gation (2 min at 1500 rpm) and the supernatant was precipitated

into hexane. The formed core–shell nanoparticles mgNP–OPDL

were dried in a vacuum oven at 50 �C to constant weight.

Degrafting of OPDL chains from mgNP core

100 mg mgNP–OPDL were dispersed in 10 mL chloroform in

a round bottom flask, followed by addition of 1 M aqueous HCl

(20 mL).29 The mixture was stirred vigorously at room temper-

ature until the black color had changed to yellow. The mgNP

were separated with the help of a magnet from the organic phase,

which was dried overnight above anhydrous MgSO4. The

degrafted OPDL was precipitated in hexane and dried in

a vacuum until constant weight was achieved (37 mg).

Synthesis of a OPDL-DMA/mgNP–OPDL nanocomposite

0.1 g mgNP(1)OPDL(1.9) and 0.9 g OPDL-DM were vigorously

stirred at 100 �C for five minutes, 1.5 mol% dicumyl peroxide

were added, and finally cured at 130 �C for 24 h.38
This journal is ª The Royal Society of Chemistry 2012
Results and discussion

mgNP were prepared by a co-precipitation of aqueous Fe+3/Fe+2

in alkaline solution39 (Fig. 1). The size of the mgNP was

confirmed by wide angle X-ray scattering (WAXS) analysis

(Fig. 3b), for which an average crystallite size of 10 � 1 nm was

calculated using the Debye–Scherrer equation. As the diameters

of the mgNP were well below the critical domain size of

magnetite, a superparamagnetic behavior was expected.

The particles were functionalized with hydroxyl groups by

chemisorption of GA at the surface of the mgNP, which were

suspended in aqueous solution by the application of ultrasound.

The content of grafted GA on the mgNP surface determined by

TGA was 4 wt% (Fig. 4b). A GA density of 0.53 mmol g�1 was

calculated (using M GA ¼ 76.05 g mol�1), which was equal to

3.19 � 1020 OH-groups per gram mgNP (equivalent to 860 OH-

groups per particle).

The synthesis route for the surface modification is illustrated in

Fig. 1. Surface-immobilized hydroxyl groups of mgNP–GA

served as initiators for a ROP of PDL in bulk catalyzed by

dibutyltin oxide.40 A reaction time of 21 days was required as the

ROP of lactones of a large ring-size (i.e. PDL) is less efficient

compared to 5- or 7-membered lactones (i.e. 3-caprolactone) due

to the lower ring strain. The obtained mgNP–OPDL were

collected from chloroform solution with the help of a magnet and

were dried carefully. In X-ray absorption near edge structure

(XANES) investigations conducted at the Fe K-edge of pure

mgNP and mgNP–OPDL (ESI, Fig. S3†) no change of the

oxidation state of the mgNP after OPDL modification was

found.41

Morphology and elemental composition of the mgNP–OPDL

were studied by SEM equipped with an EDX analyzer. A

representative SEM image of mgNP(1)OPDL(1.9) (for sample

ID please see footnote a of Table 1) is presented in Fig. 2a

showing the mgNP as agglomerated black spots decorated with

OPDL (white). In the TEM micrographs (Fig. 2c and d) differ-

ently shaped nanoparticles with diameters between 10 and 12 nm

can be seen, which is in good agreement with the results from

X-ray diffraction. Energy dispersive X-ray (EDX) measurements

were conducted (ESI, Fig. S4†) to determine the elements present

in the samples. In the EDX the presence of Fe, Cu, O and C was

determined, with Cu originating from the copper grid used for

the analysis. The agglomeration of C at a similar place compared

to the mgNP (Fe distribution) can be attributed to a decoration

of the OPDL on the mgNP.
J. Mater. Chem., 2012, 22, 9237–9243 | 9239
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Fig. 4 Characterisation of the degrafted OPDL from mgNP(1)OPDL(0.3) (a) 1H NMR-spectra and (b) MALDI-TOF-MS spectra.

9240 | J. Mater. Chem., 2012, 22, 9237–9243 This journal is ª The Royal Society of Chemistry 2012
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Table 1 Properties of the hybrid mgNP grafted with different OPDL chain lengths

Sample no.a Mn
b/g mol�1 Mn

c/g mol�1 PDId Tm
e/�C Gf/mg g�1

mgNP(1)OPDL(0.3) 1282 800 3.1 70 200
mgNP(1)OPDL(0.7) 1283 1000 3.6 78 458
mgNP(1)OPDL(1.0) 1345 1100 2.9 83 1288
mgNP(1)OPDL(1.9) 2200 2200 3.2 87 2170

a mgNP(x)OPDL(y) where x and y are the amounts of mgNP–GA and PDL in grams used during surface-initiated ROP. b Number average molecular
weight determined by MALDI-TOF MS. c Number average molecular weight determined by 1H NMR. d Polydispersity index determined by standard
calibrated multi-detector GPC. e Melting temperature determined by DSC. f Grafting density determined by eqn (1).
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The OPDL shell served as the stabilizing component pre-

venting particle agglomeration due to the magnetic dipole–dipole

attractive forces. Suspensions made from mgNP–OPDL and

chloroform were stable for several weeks (Fig. 2b), indicating the

successful grafting with OPDL chains. In contrast, the suspen-

sion of pure mgNP precipitated only after a few minutes without

stirring. When a separately prepared linear OPDL was dissolved

in chloroform and pure mgNP were added to this solution,

sedimentation of the particles occurred within 1 h. This indicates

that an effective stabilization of the mgNP required covalently

attached polymeric chains. When the mgNP–OPDL was sus-

pended in other high boiling solvents such as dioxane or DMSO

the dispersion was stable above Tm,OPDL but the mgNP–OPDL

precipitated below Tm,OPDL (ESI, S2†).

The evidence of the GA and OPDL on the surface of mgNP

was confirmed by FT-IR analysis. Fig. 3a shows the FT-IR

analysis of the pure mgNP, mgNP–GA, and mgNP–OPDL

respectively. The intense band located at 560 cm�1 corresponds to

the stretching vibration mode of Fe–O bonds in magnetite. The

chemisorption of the carboxylate functionality on the surface of

mgNP was confirmed by the appearance of COO� symmetric

(sym, 1397 cm�1) and asymmetric (asym, 1624 cm�1) stretching

vibration bands, while the vibration of C]O at 1702 cm�1 in the

free GA disappeared.42,43 Meanwhile, the absorption of the

alcoholic C–OH bond of free GA (1082 cm�1) did not show any

significant change in the spectrum of mgNP–GA, which provided

the possibility that polymerization of the PDL monomer could

be initiated directly from the surface of mgNP. Compared to

mgNP, a new absorption band appeared at 1725 cm�1 for

mgNP–OPDL, which was attributed to the C]O group of

OPDL at the surface of mgNP. Other bands observed between
Fig. 5 (a) DSC spectra of mgNP–OPDL and (b) TGA curves; short-dashe

mgNP(1)OPDL(0.3), dotted line: mgNP(1)OPDL(0.7), dashed line: mgNP(1)

This journal is ª The Royal Society of Chemistry 2012
1000 and 1500 cm�1 can be assigned to the C–O and C–C

stretching in OPDL. The strong bands associated with the

asymmetric and symmetric –CH2– stretching vibration were

observed at 2918 and 2843 cm�1.25,31

The WAXS analysis confirmed the presence of two crystalline

phases from mgNP and OPDL (Fig. 3b). For pure mgNP, the

position and relative intensities of all peaks match well with the

known pattern of crystalline magnetite.36,44 The characteristic

diffraction peaks (220), (311), (400), (422), and (511) can be

assigned to the inverse cubic spinel structure of magnetite. In

addition to these peaks, mgNP–OPDL displayed peaks (110) and

(200) at 2q ¼ 21.7� and 24.2� corresponding to the crystalline

structure of OPDL.23 No change in the position or intensity of

the peaks assigned to the mgNP was observed after coating with

OPDL.

For further characterization of the polymeric shell, the poly-

mer chains were cleaved from the nanoparticles by acidolysis

with dilute HCl and separated from the mgNP. A linear OPDL

(Mn¼ 3900 g mol�1) diol used as reference material (OPDLr) was

treated similarly to ensure that no significant change of the

molecular weight or the distribution occurred, and in this way to

prove the absence of polyester degradation during shell cleavage

under the applied acidic conditions.

The structure of the cleaved OPDL was determined by
1H-NMR (Fig. 4a) and was consistent with the reported spectra

of OPDL.7 1H NMR (500 MHz, CDCl3, d): 3.99 (t, CH2
aO), 3.58

(t, CH2
eOH), 2.27 (t, CH2

b–CO), 1.55, 1.18 (m, CH2
c,d), 4.16 (s,

CH2
f–). The small peak at 4.16 was assigned to the methylene

group of the terminal GA moiety.

The molecular weight of the isolated polymeric chains was

investigated by matrix-assisted laser desorption/ionization
d line: pure mgNP, dash-dot-dotted line: mgNP–GA, dash-dotted line:

OPDL(1.0), and solid line: mgNP(1)OPDL(1.9).

J. Mater. Chem., 2012, 22, 9237–9243 | 9241
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Fig. 6 (a) Magnetization curves. The inset enlarges the center of the hysteresis loops (solid line: pure mgNP and dashed line: mgNP(1)OPDL(1.9)). (b)

SEM image of the OPDL nanocomposite containing 10 wt% of mgNP(1)OPDL(1.9).
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time-of-flight mass spectrometry (MALDI-TOF-MS) and 1H-

NMR spectroscopy. In 1H-NMR measurements the number

average molecular weight (Mn) was calculated using the equation

Mn ¼ (Ia/Ie) � 240 + 59, where (Id/If) is the ratio of the intensity

of signal ‘‘d’’ attributed to the methylene protons of the repeat

unit (t, d¼ 3.99) to the signal ‘‘f’’ corresponding to the methylene

protons next to the hydroxyl end groups (t, d¼ 3.64) and 240 and

59 are the molar masses of the PDL and GA. The Mn of the

isolated OPDLs determined by MALDI-TOF MS fitted well

with the results obtained by 1H-NMR and were in the range

between 2200 g mol�1 and 1280 g mol�1. A unimodal molecular

weight distribution was observed with a mass difference of 240

between the peaks, which correlated with the molecular weight of

one PDL unit (Fig. 4b). The polydispersity PDI was determined

by GPC and ranged between 2.9 and 3.6 (Table 1).

The thermal properties of the mgNP–OPDL were investigated

by DSC and were compared with those of the OPDLr. All

samples displayed a well-defined melting transition (Tm) and

crystallization temperature (Tc) (Fig. 5a). According to the DSC

data, the Tms of different mgNP–OPDL were lower than those of

linear OPDLr (Tm ¼ 99 �C), which was attributed to a higherMn

of the OPDLr as well as hydrogen bonds due to the hydroxy-

telechelic diol structure. Both the Tm and the Tc of mgNP–OPDL

increased with increasing length of the grafted OPDL chains

(Table 1), which was attributed to the imperfect crystallization

behaviour of the grafted OPDL with low molecular weight. In

addition, the Tm of the linear OPDL cleaved from the surface of

the particles was slightly higher than the Tm of the mgNP–OPDL

and can be explained with a higher tendency of crystallization

due to the hydrogen bonds of the GA end groups. E.g., the

grafted sample mgNP(1)OPDL(1.9) displayed a Tm at 87 �C
while the Tm of the cleaved OPDL was 90 �C.
The amount of grafted OPDL chains was quantitatively

determined by TGA (Fig. 5b). The materials were heated under

nitrogen in a TGA furnace past the point of thermal degradation

of the OPDL from which only the magnetite/maghemite was

obtained as residual mass. At elevated temperatures, the organic

shell of the mgNP–OPDL was completely combusted to gaseous

products. The absolute weight loss of the pure mgNP was 3 wt%

over the whole temperature range attributed to the loss of

physically and chemically adsorbed water. For mgNP–GA, the

weight loss increased to 7 wt% at 800 �C, with a significant weight

reduction around 160 �C, which was attributed to the
9242 | J. Mater. Chem., 2012, 22, 9237–9243
decomposition of GA at the surface of mgNP. mgNP–OPDL

displayed two decomposition regions: the first one was again at

around 160 �C, the second region (onset at �350 �C) was

attributed to the decomposition of OPDL. The weight content of

the surface-grafted OPDL was determined as the difference

between the weight loss of OPDL- and GA-functionalized

nanoparticles [M(OPDL) ¼ W(mgNP–OPDL) � W(mgNP–

GA)].40 The weight content of the surface-grafted OPDL

increased from 24 wt% to 67 wt% when the mgNP–GA : PDL

feed ratio was increased from 1 : 0.3 to 1 : 1.9 (Fig. 3b). The

grafting density (G) of the mgNP–OPDL was calculated from the

OPDL weight loss from TGA and the molecular weight was

determined by 1H NMR analysis using eqn (1):32

G
�
mg g�1

� ¼
�

D

100� D
�WmgNP�GA

�
� 1000 (1)

where D (wt%) corresponds to the TGA weight loss between 100

and 600 �C andWmgNP–GA is the amount of grafted GA in gram

per g mgNP. G increased from 200 mg g�1 to 2170 mg g�1 when

Mn of the surface-grafted OPDL was increased from 800 g mol�1

to 2200 g mol�1 (Table 1). The grafting density was also calcu-

lated by OH-group determination by potentiometric titrations,

which resulted inG ranging from 128 mg g�1 to 782 mg g�1. These

values were slightly lower than the values obtained by eqn (1).

However, the increasing trend in G with the increase in the molar

mass of the surface-grafted OPDL was maintained.

The influence of the OPDL surface grafting on the magnetic

properties was explored. The magnetization curves of the pure

mgNP and mgNP–OPDL are shown in Fig. 6a. Both samples

exhibited a superparamagnetic behaviour at ambient tempera-

ture, as evidenced by the steep rise of the curves, which are

saturating at low fields. The values of the coercivity (Bc) for

mgNP–OPDL (297 mT) was less than that of the pure mgNP

(959 mT), attributed to the non-magnetic OPDL coated on the

surface of mgNP. The Bc values for all samples were very low and

no obvious hysteresis was observed. This indicated that in their

natural state the magnetic moments of the domains were oriented

randomly, but in the presence of an external magnetic field, the

magnetic moments were aligned along the field. As a result, the

magnetic susceptibility of a system containing such super-

paramagnetic nanoparticles usually far exceeds those of para-

magnetic materials.21 Indeed, the OPDL coating did not

significantly change the strong saturation magnetization of the
This journal is ª The Royal Society of Chemistry 2012
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mgNP and the superparamagnetic behaviour, highly useful for

biomedical applications, was well preserved.

In a preliminary experiment a nanocomposite was prepared by

incorporating 10 wt% of mgNP(1)OPDL(1.9) in a OPDL-DMA,

which was subsequently crosslinked. SEM clearly demonstrated

an efficient dispersion of the mgNP–OPDL in the OPDL-DMA

matrix (Fig. 6b), which was attributed to a much higher

compatibility of mgNP–OPDL compared to mgNP.
Conclusion

The creation of magnetic core–shell nanoparticles is a topic of

high relevance as such particles find application in nano-

composites or hyperthermia. In this context we explored the

surface grafting of mgNP with highly crystallizable and hydro-

phobic OPDL by surface initiated ROP of PDL. Different

mgNP : PDL feed ratios resulted in surface grafting of OPDL

withMn ranging from 1300 g mol�1 to 3300 g mol�1. A core–shell

structure with a mgNP size between 10 and 12 nm and covalent

attachment of the OPDL chains could be proven by TEM, FT-

IR, and solution experiments. In chloroform the mgNP–OPDL

formed stable dispersions. When other high boiling organic

solvents such as dioxane or DMSO were selected, the dispersion

was stable above Tm,OPDL but the mgNP–OPDL precipitated

below Tm,OPDL. The superparamagnetic behaviour of mgNP–

OPDL shown by magnetization experiments makes them ideal

candidates for e.g. biomedical applications, as these require

a high saturation magnetization.
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