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JOURNAL OF APPLIED PHYSICS VOLUME 91, NUMBER 10 15 MAY 2002

Synthesis and magnetic properties of CoPt—poly  (methylmethacrylate )
nanostructured composite material

Jiye Fang,® L. D. Tung, Kevin L. Stokes, Jibao He, Daniela Caruntu, Weilie L. Zhou,
and Charles J. O’Connor
Advanced Materials Research Institute, University of New Orleans, Louisiana 70148

We have prepared nanometer-sized CoPt particles dispersed in émptilyl methacrylate
(PMMA) matrix, as a novel nanostructured magnetic plastic, through a soft chemical processing
route. In this work, CoPt nanoparticles were successfully synthesized from a solution phase
reduction system in the presence of capping ligands and stabilizing agents at high temperature. The
CoPt nanoparticles were annealed at 400°C for 3 h, and were subsequently re-dispersed in
methylmethacrylatémonomey). The polymerization was induced by a UV source and the hardness

of final product was adjusted by varying the amount of monomeric cross-link agent. Annealed bare
CoPt nanoparticles as a “core” material and CoPt—PMMA composite material were characterized
by using energy dispersive spectroscopy, transmission electron microscopy, and x-ray diffraction,
indicating that we are able to prepare CoPt nanoparticles«utth nm in diametetafter annealing

by employing this high temperature colloidal processing method. Magnetic investigation of this
CoPt—PMMA material indicates an intrinsic coercivity of 300 Oe at 300 K and 1665 Oe at 5 K.

© 2002 American Institute of Physic§DOI: 10.1063/1.1453329

I. INTRODUCTION B. Synthetic procedure

Magnetic nanocomposites are an important class of ad- Preparation of CoPt—polymer nanostructured composites
vanced functional materials, and have attracted attention igonsists of three steps: fabrication of CoPt seeds, synthesis
recent years for magnetic applications such as high-densityf CoPt nanocrystals arid situ formation of magnetic nano-
storage media. The search for new inorganic magnetic matepmposites. In the first step, 5 ml of dioctyl ether solution

rials as “core components” in these composites demand%onsisting of 0.7 mg of CoGk1.2 mg of P(GH,0,),

particles with nanometer-scale size so that each particle can g, w4 of oleic acid in a 25 ml round bottle flask was heated
be considered as a single magnetic domain. In this article, WE 500°C under argon stream and 0.25 ml solution of super
present a novel chemical route for fabricating quasimonodis;

perse CoPt nanoparticles at high temperature as well ahsyd“de in dioctyl ether(0.5 M) was injected. The mixture

CoPt—polymer composites. The magnetic properties of both'aS vigorously stirred and kept at 280 °C for 20 min. In the

the CoPt core material and composite material will be disSecond step, Cogl(anhydrous, 0.1238)g Pt(GH;0;),

cussed. (0.2140 g, oleic acid(0.25 m), oleylamine(0.50 m) and
dioctyl ether(50 ml) were mixed in a three-neck round bot-
Il. EXPERIMENT tom flask under argon and the temperature was steadily in-

creased {5 °C/min). At 250°C, 5 ml of super hydride in
DEGEE (1.0 M) was injected into the flask containing the
In this investigation, super hydrid&iB(C,Hs)sH, 1.0  CoPt seed particles prepared in the first steprning: gas
M in tetrahydrofuran(THF)] was used as a reducing agent. bubbles will evolve from the hot solutipnThe black solu-
Since THF has a low boiling point, it must be completely tion was stirred at 280 °C for an additional 40 min with a
replaced by another solvent under inert gas before'Use. refluxing device. Finally, TBR0.45 m) was injected into the
The starting materials also include oleic a¢D%), oley-  fiask and the heating source was quickly removed. The sys-
lamine (70,%)’ cobalt (Il) chloride (97.09%, dioctyl ether tem was allowed to cool to room temperature naturally under
(99.0%, di(ethylene glycal 2-ethylhexyl ether(98%, here- argon. As-prepared Co/Pt nanoparticles were collected by

after DEGEB, methylmethacrylate (99.0%, hereafter centrifugation, solvent washing and vacuum drytgThe
- >99.09 ; ! .
MMA), 2-hydroxyethyl methacrylatd>99.0%, hereatfter magnetic CoPt particles were then annealed at 400 °C for 3 h

HEMA), ethylene glycol dimethacrylat€98.0%, hereafter .
EGDA), 2,2-dimethixy-2-phenylacetophenot@9.0%, here- under argon. The annealed CoPt powder was re-dispersed
after “UV-initiator” ), tributylphosphine(97.0%, hereafter into MMA assisted by ultrasonication for 30 min under argon

TBP) and platinum (Il) acetylacetonatd Pt(CGsH,0,)., atmosphere. Within a glovebox, this black homogenous sus-

>99.5%]. All of the chemicals were purchased from Ald- pension was subsequently transferred intnasitu polymer-

rich with the exception of the platinum acetylacetonate,jzation system containing the following components: MMA

which was purchased from Alfa Aesar. (total), 2.6510 g; HEMA, 0.5754 g; EGDA, 0.9856 g; UV-
initiator, 0.2003 g; annealed CoPt, 0.0502 g. Polymerization

dAuthor to whom correspondence should be addressed; electronic mailvas initia.ted by Uy “g'ht(365 nm, lOp Wand the sample
jffangl@uno.edu was continuously irradiated for 60 min.

A. Chemicals
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C. Characterization

Morphology and composition of the annealed CoPt
nanoparticles were characterized using transmission electron
microscopy(TEM, JEOL 2010 and energy dispersive x-ray
spectroscopyEDS). Magnetic properties measurement and
phase characterization of the nanostructured composites were
conducted using a superconducting quantum interference de-
vice magnetomete(MPMS-5S Susceptometer from Quan-
tum Design and x-ray powder diffractometéCu K «, Phil-
ips X'pert-systemg respectively.

Ill. RESULTS AND DISCUSSION

A. Formation of nanoparticles and structural
properties (

Q
~

In this work, dioctyl ether as a high boiling point, non-
polar organic solvent was chosen as a reaction medium. Co-
balt salt and platinum salt with a molar ratio of 1.75:1 were
dissolved in this organic phase, and reduced by super hydride
at high temperature. A similar procedure was used by Sun
et al. for preparing Co nanocrystaland FePt nanocrystafs.

In order to allow the nanoparticles to grow large enough, we
used a small amount of DEGEEDEGEE/dioctyl ether
<1:10 as the solvent medium of super hydride, not only
because of the excellent solubility of DEGEE in dioctyl
ether, but also due to its high boiling point. Nevertheless, a
higher concentration of polar DEGEE will collapse this high
temperature colloidal system. The as-prepared CoPt colloids  (p) 2 ¢ (degree)

were stabilized by a combination of organic ligarieic FIG. 1. (a): Transmission electron micrograph of bare CoPt nanoparticles

acid and oleyamine The presence of CoPt seeds may helpannealed at 400 °C for 3 kb): XRD trace of CoPt nanoparticles, annealed
to form nanoparticles with better quality after the reductionat 400 °C for 3 h.

as reported for Ag nanoparticlésin order to protect the

as-prepared CoPt nanoparticles against possible agglomera- . .
tion in later stage and to decrease the tendency of oxidatiof9ding the proper amount of co-monomer and cross-link

we also introduce TBP, an excellent capping agent for coddent as described above. The hardness of the final product

containing colloids:2® However, our results indicate that C2" @S0 be adjusted by varying the amount of monomeric
TBP limits the particle growth if it is introduced too early. cross-link agent.

Using a light scattering technique the mean radius of
unannealed CoPt particles was measured as 6.3 nm, and Ro
agglomerate has been detected. Figues i a TEM image, The zero-field cooled(ZFC) and field cooled(FC)
showing the morphology of CoPt nanoparticles annealed ahagnetization curves of the composite CoPt—
400°C for 3 h. It reveals that the particles are virtually uni- poly(methylmethacrylate(PMMA) are plotted in Fig. 2. Up
form in size and are elongated, not spherical. The size ofo 350 K, we do not observe any blocking temperat(irg) (
particles covers a range from 4 to 7 nm in diameter. Nominahnd the sample remains ferromagnetic to above room tem-
elemental analysis was also conducted using an energy diperature. Our results here are different from a previous report
persive analysis by x-rayEDS) attachment on the same in which the blocking temperature was determined as 140 K
TEM instrument. Characteristic peaks of Co and Pt werdor 18 nm bare CoPtspherical particles synthesized in a
present, and the average molar ratio of Co/Pt was determinedom-temperature procesdt is worth mentioning that the
as 46:54. To study phase development of the annealed CoBize of the CoPt particles in our sample is about 4—7 nm and,
nanoparticles, sample was also analyzed using x-ray powdeis mentioned above, the particles are not spherical. It is
diffraction (XRD) technique at room temperature. The XRD known that for a magnetic particle system with interaction,
trace of the annealed CoPt particles, illustrated in Fig),1 the Ty (temperature of maximum magnetizafipoan be es-
indicates that the CoPt phase is close to quasicubic crystémated by'°
(tetragonal structure witha=3.803, ¢=3.701 and C
=0.9732 according to the standard ICDD pair distribution T~ (Eat Ein)/30Ks, @
function (PDF (Card No. 43-1358 whereE, is the anisotropy energy arig,, inter-particle in-

Due to the ultrafine size, the annealed CoPt particleseraction energy. The small size of CoPt particles should give
could still be dispersed into MMA when assisted by ultra-rise to the reduction of the energy barrier, which for the
sonication. Polymerization was subsequently conducted byniaxial symmetry is equal t§V (whereK is the magnetic

(111)
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Magnetic properties
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anisotropy constant and the particle volumg and hence FIG. 3. Hysteresis I_oop measured at 300 K of _ann'ealed CoPt nanoparticles:
reduces the blocking temperature. Another similar effect ié.) before polymerization antD) after polymerization.
the polymerization, which leads to the significantly weaker
inter-particle interaction compared with the bare CoPtthe peaks are considerably broadened due to very small par-
sample and hence decreases the energy bé&iiét and the ticle sizest® These two different phases, however, can be
blocking temperature as well. Instead of the size and polydistinguished from the magnetic measurements. In our
merization effects, therefore, the higher blocking temperatur&0Pt—PMMA sample, the small value éf., i.e., 260 Oe
in our sample may be attributed to the influence of particlelbefore polymerizationand 300 Oe(after polymerizatioh
morphology, i.e., the irregular shape, structural order-would indicate that the annealed CoPt is crystallized in fcc
disorder differenc¥ and the different synthetic technique as Structure.
well, resulting in a different particle surface chemistry.
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