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Synthesis and Magnetic Studies of Uniform lron reaction mixture was added into excess acetone to produce black
Nanorods and Nanospheres precipitate. The precipitate was retrieved by filtration and washed
several times with acetone. The synthesized powder form of

Sang-Jae ParkSeungsoo Kinf,Suyoun Leé, spherical nanoparticles can be easily re-dispersed in pyridine to

Zheong G. Khini: Kookrin Charf and Taeghwan Hyeori* yield a clear homogeneous solution. The transmission electron
' ' micrograph (TEM) revealed that uniform 2 nm particles were well

School of Chemical Engineering and dispersed in the solution, and for many parts of the image close-
Institute of Chemical Processes packing of the particles were clearly observed (Figure 1a).
Department of Physics and Center for  Electron diffraction pattern showed that these iron nanoparticles
Strongly Correlated Materials Research ~ are amorphous.
Seoul National Uniersity, Seoul 151-742, Korea The following procedure was applied to synthesize rod-shaped
: nanoparticles. At first, spherical 2 nm-sized nanoparticles were
Receied May 12, 2000 prepared by the previously described procedure. To the resulting

The fabrication and magnetic properties of rod-shaped magneticspherical nanoparticles in TOPO, 5 mL of 2.6 mM Fe(€D)
iron nanoparticles will be presented in the contribution. Recently, trioctylphosphine (TOP) was added at 320, and the resulting
the development of uniform magnetic nanoparticles-a0 nm black solution was aged for 30 min at 320. This step was
became a very important issue in their application to ultrahigh- repeated once more, and the resulting reaction mixture was cooled
density magnetic storage devicdeSeveral synthetic approaches to room temperature to get a black solid. Butanol was added to
inc|uding therma and sonochemical decomposition of organo- solubilize the reaction mixture, and the resulting butanol solution
metallic precursord high-temperature reduction of metal sdits, ~Was added into excess acetone, resulting in a black precipitate.
and reduction inside reverse miceflésave been applied to ~ The precipitate was collected by centrifugation and was washed
fabricate magnetic metal (Fe and Co) nanoparticles. Many studiesseveral times with acetone to remove excess surfactant. The
on nanoparticles have focused on the synthesis of uniform Precipitate was dissolved in 19 mL of pyridine containing 0.5 g
spherical forms and the control of their particle si¥ésRecently, of didodecyldimethylammonium bromide (DDAB), and the
the shape control of nanopartides was recognized as a Veryresulting solution was refluxed for 12 h. The precipitate formed
important issue in the nanoparticle synthesis, which turned out during the reflux was removed by centrifugation, and the
to be a challenging problefn?2 In particular, anisotropic magnetic ~ supernatant was vacuum-dried to yield a black powder. The dry
nanoparticles are expected to exhibit interesting magnetic proper-powder was soluble in pyridine, and the solution was kept stable
ties because of shape anisotropy. Only a few anisotropic magneticfor a week without precipitation under an ambient condition. The
nanoparticles have been developed sd#a*nonetheless, the ~ TEM image of the sample (Figure 1b) revealed nearly monodis-
particle dimensions are too big to exhibit any nanosize (quantum) Perse rod-shaped particles with dimensions of 2 nm (width)
effect, and they are often extensively agglomerated. In this report, 11 nm (length) with a standard deviation of 5.7% (length).
we would like to present the fabrication of nearly uniform rod- Electron diffraction pattern of the material (Figure 1c) exhibited
shaped iron nanoparticles produced from the controlled growth & body center cubichcq) structure ofa-Fe. When the DDAB
of monodisperse spherical nanoparticles. We also compared theconcentration in pyridine was varied, rod-shaped particles with
magnetic properties of the spherical and the rod-shaped ironhigher aspect ratios were obtained. The width of these nanorods
nanoparticles. (2 nm) was kept nearly unchanged, only the length was increased

The spherical iron nanoparticles were prepared by the thermalto 22 nm (standard deviation of 5.9%) and 27 nm (standard
decomposition of organometallic precursor (Fe(§Qh the deviation of 5.5%). The transformation of nanospheres to nanorods
presence of a stabilizing surfactant, which is the modified Seems to be caused by the irreversible binding of strongly binding
procedure of the previously reported mett§é8A 0.2 mL portion DDAB surfactant on the central region of the growing nanopar-
of Fe(CO} was added to 5.0 g of trioctylphosphine oxide (TOPO) ticles® After the fusion of two nanospheres, the third nanospheres
at 340°C under argon atmosphere, and the resulting solution was Will be bound on the edge (instead of the central region where
aged for 30 min at 320C. The preparation temperature was set DDAB was strongly bound), generating a catenated structure. The
to over 320°C so that a complete thermal decomposition of Fe- continued growth of nanospheres on the edge of the growing
(CO) could be achieved to generate metallic iron atoms. The nanoparticles would generate unidirectional nanorods.

Magnetic studies were conducted on the spherical 2 nm iron
nanoparticles and 2 nmx 11 nm nanorods using a supercon-
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(a)

Figure 1. Transmission electron micrographs (TEM) of spherical iron nanoparticles with diameters of 2 nm (a), rod-shaped iron nanoparticles with
dimensions of 2 nnx 11 nm, (Inset: High-resolution electron micrograph of a single nanorod) (b), and the electron microdiffraction pattern of these
nanorods (c). The images were obtained with a JEOL JEM-2000EX Il instrument.

3 of the rod-shaped particles was calculated to bex1 BY ergs/

cm?. By treating the rod-shaped particles as prolate spheroids,
we could calculate the shape anisotropy constant using the
equationK = (1/2)(Na — No)M2, where N, andN, are demagne-

—w— Field Cooling for 2 nm nanospheres

5] —a— Zero-Field Cooling for 2 nm nanospheres tization factors along the minor and major axes, respectively, of

—@— Field Cooling for 2 nm X 11 nm nanorods a prolate spheroid anth = 1714 emu/crh is the saturation
—&— Zero-Field Cooling for 2 nm X 11 nm nanorods

magnetization of bulk iron, and the number came out to be 7.9
x 10° ergs/cm.r” When this shape anisotropy constant is added

to the magnetocrystalline anisotropy constant from the spheres,
the value agrees well with the experimentally found anisotropy

constant of the rod-shaped particlés.

Magnetization (emu/g of Fe)

Acknowledgment. We are grateful to the Tera Level Nano Device
Project through KISTEP and the Samsung Advanced Institute of
T . - r . y . Technology for the financial support. We thank Mee Jeong Kang and
0 50 100 150 200 250 300 the Inter-University Center for Natural Science Research Facilities in the
Seoul National University for the TEM studies.

Temparature (K)

Figure 2. Magnetization normalized by mass versus temperature forthe  Supporting Information Available: TEM images of 3 nm Fe

2 nm spherical iron nanoparticles and the 2 rni1 nm iron nanorods nanospheres, 2 nm 22 nm Fe nanorods and 2 nm27 nm Fe nanorods

at the applied magnetic field of 100 Oe. The magnetic studies were (PDF). This material is available free of charge via the Internet at
conducted with a Quantum Design MPMS SQUID magnetometer. http://pubs.acs/org.

cm®. The magnetic properties of the rod-shaped nanoparticlesJAOOlGZSC
would be very interesting because they would demonstrate the™ (1g) Culiity, B. D. Introduction to Magnetic Materialsaddison-Wesley:
effect of shape anisotropy. The magnetic anisotropy congtgnt (  U.S.A. and Canada, 1972; Chapter 11.




