Faraday rotation in magnetic  y-Fe,03/SiO, nanocomposites
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Faraday rotation spectrum has been measured at room temperature in a magnetic nanocomposite of
v-F&03/Si0,. The material consists of isolated Fe,0; nanoparticles dispersed in a silica matrix,

and it was prepared through a sol-gel method. The composite contains 18% a0, in weight

with an average particle size of 20 nm. It has a coercitivity of 30 Oe anél aof 6 emu/g. The

specific Faraday rotation spectrum exhibits a narrow peak centered around 765 nm, reaching a value
of 110°/cm and an absorption coefficient of 64 ¢mFaraday rotation versus applied field has also

been measured, and a cycle similar to the one described by the magnetization has been found.
© 1997 American Institute of PhysidsS0003-695097)02444-3

Materials containing crystallites or particles of nanom-different matrices. Several authors have reported the synthe-
eter dimensions have shown interesting properties related ®s and characterization of-Fe,0O; or Fe/SiQ magnetic
its extremely small size. Some of their optical, magnetic,nanocomposites by sol-gel methdd$* Besides, some
electronic, mechanical, and chemical properties are differenhagneto-optical propertig&err effec) have been measured
from those exhibited by the same composition in bulkin nanoparticle dispersions ofFe,05/SiO,.*
material’~® In particular, magnetic particléfhave become a The purpose of this work is to report what is, to our
subject of growing interest and intense research is being caknowledge, the first observation of Faraday rotation in dis-
ried out. In the nanometric scale, the contribution of the parpersions of nanoparticles synthesized by sol-gel and, in par-
ticle surface plays an important role in the magnetic behavioticular, of y-Fe,03/SiO, nanocomposites. This material has
of the whole material. been named gamma-ferrite Faraday roté®&FFR due to its

Among the most attractive properties of the magneticinteresting properties related to the Faraday effect.
transparent compounds are those related to the magneto- The GFFR was obtained through the sol-gel method as
optical effects and their scientific and industrial applicationshas been widely described in a recent wbtk-he porous
in such areas as: optical fiber sensbptical isolators;”  nature of the sol-gel matrix provides adequate chemical con-
information storagé,etc. As regards to the latter, there are ditions in the sites for nucleation of the iron oxide particles,
several works related to sub-micron particles and Faradaghinimizes their tendency to magnetic aggregation, and im-
effect or Kerr effect characterizatiorifor example Ref. 8 poses an upper limit to their size. The initial solution con-
In fact, the actual limit of 1 GBit/sq. in. for mass storage sisted of a mixture of iron nitrate and tetraethyl orthosilicate
media demands magnetic particles smaller tharuonl (TEOS. The medium was acidified with CIH in ethanol.

With the aim of obtaining magnetic compounds which Then, a thermal treatment at 45 °C was performed for several
will be transparent at room temperature, a dispersion of nadays during the gelation process. Finally, the wet gel was
nometric iron oxide particles-Fe03) has been synthe- heated in air at 400 °C during several hours, thus obtaining
sized in a polymer organic matrix and interesting optical and,.Fe,0; particles inside the dried silica cage. For our
magnetic properties have been achie¥eh this line, some  magneto-optical measurements we have used a sample con-
efforts have been made to replace the polymer organic maaining 0.18 FgO5/SiO, molar ratio due to its excellent op-
trix by a glass-based matrix, which improves the nanocomyjcg| properties.
pos?te physical and chemical prope_rties. This has been The GFFR sample was characterized magnetically, by
achle\_/ed through sol-gel me'_thods, which h_ave bgen found_t;g_raly diffraction, and by Mesbauet?® The y-Fe,0; was
be quite effective for preparing small particles dispersed ingentified as the only component. The lattice parameter ob-
tained from the x-ray diffraction diagram gives a value of
3Als0 at Universidad Alfonso X EI Sabio. Electronic mail: guerrero@uax.es8.33-0.01 A in agreement with the presence of pure
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FIG. 1. Specific Faraday rotation versus wavelength for GFFR in the rang&!G. 2. Absorption coefficient and figure of merit of the GFFR vs wave-
from 705 to 875 nm. The data presented in this curve were measured with dangth.
average error of 1.9% and a maximum error less than 2.7%.

tween the free ends of the optical fibers of the spectrum
maghemite phase in our materigl-Fe,05). The mean crys- analyzer(one of which is connected to a white light source
tallite size, estimated from th@11) reflection, was 20 nm. and the other to a monochromatoin this situation, and
Direct observation of the sample by means of transmissiomccording to the Beer—Lambert law, the optical intensity
electron microscope(TEM) photographs evidenced two transmitted by the systerh, and the optical intensity trans-
populations of particles: one of isometric particles of smallmitted when the GFFR has been removied,are related by
size (<10 nm), and another with different shapes and sizesneans of the expression
around 20 nm. Further measurements are being undertaken
and they will be presented in forthcoming work. I=lg-e” ", @

The magneto-optical properties of theFe,0; nano- wheret is the thickness of the plate. We have taken all these
composites were measured by embedding blocks of the ma-

L : . L . .. measurements for two samples of GFFR with a thickness of
terial inside an acrylic resin and polishing until obtaining

plates with a thickness ranging from 0.2 to 1 mm. The firstl'04 and 0.55 mm, respectively. The mean absorption coef-

measurement done was Faraday rotation spectrum. The ef|g|ent derived from both samples is displayed in Fig. 2.

. . . ince we have not taken into account the reflectivity loss due
perimental setup is based on a Xe light source, a monochrq- S ; .

: : ; o the refractive index change at the sample interfaces, this
mator (with a resolution of 1 ny an optical power-meter,

. . . Y o curve describes the absorption coefficient spectrum by ex-
two near infraredIR) polarizers with their axis at 45°, and . - .
. . . ST cess. The absorption coefficient measured for nanoparticles
an electromagnet with tapered pole pieces filled in with op- : ; : :
o 5 . . ; of y-Fe,05 in organic matrice¥ is about one order of mag-
tical fiber bundleg?® In ferri- and ferromagnetic materials, a . . Co -
: . . nitude higher than the one presented in this letter. This is in
useful physical constanE, to describe the Faraday effect is . . .
. : . ; agreement with the fact that the volume loading fraction of
the Faraday rotation at saturation magnetizatibgper unit

) - . our nanocomposite is 0.12. However, considering that the
path length, that is the specific Faraday rotation. These mag- . : L . .

. olume fraction(volume filled in with y-Fe,O5 particles is
nitudes are related by means of the constant of Kuidt, o . . e .
of 12%, the “apparent absorption coefficient’'measured is

F=K-Ms. (1) nearly the same to the suggested j6Fe,0; nanocompos-
ites prepared in organic matricts.
A typical specific Faraday rotation spectrufrom 705 In the spectral regioi760—820 nm the figure of merit

to 875 nm) of the GFFR is shown in Fig. 1. The data were values are higher than 3. Compared to other magnetic mate-
obtained with a plate of thickness-1.04 mm. The average rials, this one presents similar valuésiowever, the figure
error for the data represented in the curve is 1.9%, withof merit for garnets is higher by a factor of 5.
maximum error being less than 2.7%. The curve exhibits a In Fig. 3, the variation of the Faraday rotation with the
narrow peak centered around 765 nm, and other secondargagnetic field for a GFFR sample of 1.04 mm is presented at
maxima being at 734, 789, and 825 nm, with specific rota789 nm (crossep superimposed to its hysteresis magnetic
tions of 89°/cm, 91°/cm, and 84°/cm, respectively. loop. In this figure it is shown the magnetic behavior of the
In Fig. 2, the absorption coefficient, and the figure of GFFR, with a coercitivityH .= 30 Oe and a saturation mag-
merit, 2F/a, of the GFFR are displayed. The absorption netization,M =6 emu/g. The instantaneous susceptibility of
coefficient has been measured using an optical fiber spethe sample at RT, estimated for 100 Oe, 8o
trum analyzer(Spectro 320 of Instrument Systemdhe  =0.025 emu/g Oe. It should be noticed that the agreement
measurement has been taken placing a plate of GFFR bbetween the Faraday rotation values and the magnetization
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6 T e T e 10 diameter, they become single-domain particles. As the par-
51 ) - 9 ticle diameter decreases the coercitivity decreases as well.
__ Hysteresis loop — 8 .
oL ' 37 For a given temperature, the sample reaches the superpara-
L X Feraday rotafion de magnetic state, with zero coercitivity fietld.As explained
= 3__ 3 i above, we have two distributions of particles of different
2 2 Js3 & sizes. The smaller are superparamagnetic at room
S 1 425 temperaturé® and the larger are responsible for the coercit-
5 ol E (1) :‘g ivity field. The combination of both populations produce the
E il - % final magnetic behavior as displayed in Fig. 3.
2 =428 In conclusion, for the first time the Faraday effect has
§ 2 E been measured op-Fe,05/SiO, nanocomposites. This ma-
3 =45 terial is quite promising for future applications such as opti-
4L B :g cal fiber sensors for measuring low magnetic fild4d Oe.
s -8 Current research on new GFFR composites is already in
e O L 0 _'190 progress, and it aims at improving their magnetic, optical,
6000 4000 -2000 O 2000 4000 6000 and magneto-optical properties.
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V, as it is calculated for paramagnetic and diamagnetic ma-

terials. For these compounds, the Faraday rotatipis re-

lated toV by means of:

6=VBt, ® | _ : . .
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