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Faraday rotation in Co (g5ZNng 15Fe,0, spinel ferrite nanoparticulate films
under low applied fields

Richard M. Anderson, Christy R. Vestal, Anna C. S. Samia, and Z. John Zhang®
School of Chemistry and Biochemistry, Georgia Institute of Technology, Atlanta, Georgia 30332-0400

(Received 24 November 2003; accepted 24 February)2004

Films of CqgZng1576,0, nanoparticles were prepared on silanized glass substrates using
aminobenzoic acid/imidazole-modified magnetic nanoparticles. Dispersive Faraday rotations in the
nanoparticulate films were observed as 1.0°-3.0° under relatively low applied magnetic field
strengths of less than 500 Oe. The magnitude of the Faraday rotation increases with increasing
thickness of the prepared films. No differences in the Faraday rotation were observed for
Coy gZNg 15760, nanoparticles as the particle size varied from 12 to 18 nm.26©4 American
Institute of Physics.[DOI: 10.1063/1.1712031

Magneto-optical properties of ferrite magnetic nanopardight intensities is achievable and thus relatively weak Fara-
ticles have attracted considerable attention due to their paday rotation signals are discernable. The film sample is sur-
tential use as mageto-optical storage matefidlszor ex-  rounded by two homemade solenoids, which are capable of
ample, interest has focused upon the use of cobalt ferritereating a homogenous static field up to 500 Oe. All mea-
(CoFg0,) thin films as magneto-optical memory materials surements were performed at room temperature using wave-
because of their large magneto-optical rotafiotiThin poly-  lengths of 475 or 625 nm.
crystalline films of CoFgD, are known to show Faraday Cop gZng 1760, nanoparticles used in this study were
rotations of 0.37 degém at 632 nm and 3.8 deg/i at 800 prepared via microemulsion synthesis methidEhe mag-
nm under an applied field of 1°THowever, the practical use netic properties of these nanoparticles have been studied us-
of CoFgO, as magneto-optical rewritable media is restricteding a Quantum Design MPMS-5S SQUID magnetometer.
due to its high Curie temperature of 790 K. Such a temperaThe blocking temperature is 432 K for 15 nm nanoparticles
ture would require a too high intensity of the laser pulse for(Fig. 2). The saturation magnetization and coercivity are 64.6
heating the bit area of the recording media to overcome themu/g and 40 G at room temperature, respectiyilget of
Curie temperature in order for remagnetization to occur durFig. 2).
ing the write procest The unique superparamagnetic be-  The nanoparticles were chemically derivatized on their
havior of magnetic nanoparticles could lower temperaturesurface and then bound to glass substrates through silane
for reorientation of the magnetization vector. For examplegroups (Fig. 3). The mechanisms of silane self-assembly
using 14 nm CoF£D, nanoparticles, the reorientation tem- on glass surfaces are well understdddJsing this well
perature can be in principle as low as 420 K, which is theestablished method, an amine-coated glass substrate
blocking temperature of the nanopartictés. is created through 3-aminotriethoxypropylsilane. The

In addition to improving the thermomagnetic aspect, na-C0y gZNg 1460, nanoparticles were divided into two
nometer size materials have shown promise for enhance@roups. The surface of one group of nanoparticles was ter-
optical rotation. Recently, it was reported that,@ee, <0,  Minated with imidazole by using imidazole carboxyl&@l
nanostuctured films showed Faraday rotations as large as 4
degjum at 740 nm although the applied field strength was
not mentioned. This rotation is double that of GaFe, {0,
polycrystalline film at 740 nm? The studies ofy-Fe,0O,
nanoparticles embedded in silica matrixes have shown that | A || B
Faraday rotations of-2 deg can be observed at 789 nm
under applied fields as low as 100 &eln this letter, we
report the dispersive Faraday rotations under low applied
field in Cqy gZng 1460, magnetic nanoparticulate films de-
termined by using a simple instrument similar to a traditional
polarimeter.

The basic setup of the instrument used in this study ap-
pears in Fig. 1. The modulated signal from the detector is H F
compared to the reference frequency sent directly from the
chopper to a lock-in amplifier. Since only the modulated sig-piG. 1. Instrumental apparatus schematis) light source of a 1000 W
nal is amplified, identification of very small differences in xenon lamp(B) monochromator for wavelength selecti¢@) hand-wound
solenoids;(D) optical chopper for modulating the transmission ligti)
photodiode detector(F) lock-in amplifier; (G) dc power supply(H) com-

dAuthor to whom correspondence should be addressed; electronic maiputer (P1) initial polarizer set to 45° relativéP?) fixed analyzer polarizer
john.zhang@chemistry.gatech.edu (S) nanoparticulate sample films.
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FIG. 2. Susceptibility of 15 nm GgsZn, 146,0, nanoparticles under a 100 Film Thickness (A)
G field. Inset shows room temperature hysteresis with applied fields up to
5T. FIG. 4. Faraday rotation of G@Zn, 1460, nanoparticles under a 450 G

field.

in Fig. 3). The surface of the other group of nanoparticles
was terminated with amine by using aminobenzoic 4€id
in Fig. 3. For terminating the surface with imidazole
ligands, CggZNy 1560, nanoparticles were added to an
imidazole carboxylate solution aH=4.0 and stirred for-3

nal amine ligands available for further bindiffg3 in Fig. 3.

By alternating between these two types of nanoparticle solu-
tions, successive particle layers were deposited. The thick-
ness of such nanoparticulate films can be estimated based
upon particle size, ligand length, and number of layers,

h. The carboxyl functional group bound onto the particle

which is consistent with ellipsometry studies. Transmission
surface through coordinating to metal cations. Coated nano

electron microscopy confirmed the multilayer structures.

particles were separated from unbound imidazole by a mag-
. The Faraday rotationé) of a material is given as:
net. Similar procedures were used to create nanoparticles

with an amine-terminated surface by replacing the imidazole 6-=VBL (1)

carboxylate solution with an aminobenzoic acid solution., . .\/ is the Verdet constant that is material and wave-
The amine-modified glass slide was first dipped in a SOIUtiOqength dependenB is applied magnetic field strength, ahd
of the imidazole-terminated nanopatrticles. The surface amin the path length of light through the material. The ’rotation

ligand replaced imidazole by nucleophilic substitution to I he foll | )
form an amide bond with the carboxyl group. Because of th czlr;) be determined experimentally by the following relation

requirement to form an amide bond, only a single layer o
nanoparticles was able to bind to the slide at this step. The
unreacted imidazole became the available terminal ligands
on the slide for binding at next st€p2 in Fig. 3. The slide

was then soaked in a solution of the amine-terminated nand”
particles. A second layer of nanoparticles was bound throug
the formation of an amide bond, which in turn left the termi-

1,
GRZE[SW] (IB/IO_l)]! (2)

herelg and | are the light intensities recorded with and
ithout an applied magnetic field, respectively. As a result of
araday rotation, the polarization direction of the light
changes. The output light intensity passing through the ana-
lyzer polarizer therefore decreases, and this intensity de-
—NH2 o o crease is used to determine the Faraday rotation.
f\N_< ' N/QN Dispersive Faraday rotations for g£gZng 1460, films
N- N _ \ . O 5430 1574 .
L NH ~ 0 o of variable thickness are shown in Fig. 4. Clearly, increasing
I;I 2 C1 film thickness results in an increase in the Faraday rotation
angle, which is consistent with the observations from a vari-
. ety of ferrite and garnet medf&!’ Such an increase is also
K= .O?‘ consistent with Eq(1) as larger film thicknesses provide a
e H N@__( . NH, larger path length. for the light to pass through and hence
0 the Faraday rotatiordr increases. Only negligible differ-
_'N—‘< ‘ >— Q C2 ences are observed for the Faraday rotation signatures of
F2 variable sized CggsZng 1460, nanoparticles. It is worth
noticing that other studies on nanoparticulate films have
O’O T o) O NH shown that the Faraday rotation increases as the grain/
'N_<0 O%N_Q—b 2 particle size is decreaséd® The range of particle sizes in-
0.0 o o vestigated h'er.e is likely too small to observe significapt dif-
-N—( ‘J‘N@ ‘ NH, ferences. It is important to note that the Faraday rotations of
F3 0 0 O the nanopatrticulate film is much larger than that of polycrys-
talline films. Certainly, more detailed systematic studies are
FIG. 3. Schematic of the deposition procedures for nanoparticulate films.required for understanding such great enhancements. It can
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