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“Fe NMR LINE SPLITTING
IN SUBSTITUTED YIG!

PACIIEIUVIEHME CIEKTEP SMP H30TONA *'Fe B YIG C IIPMMECAMU

V.ANDERA*, M. BRABENEC*, J. ENGLICH*, Prague
H. LUTGEMEIER**, Jiilich

We have studied the NMR line-shape of the >'Fe isotope in YIG in which a certain part of trivalent
iron ions was substituted by diamagnetic ions Ga® *, AP and In**. In the region of small concentrations
we may suppose the diamagnetic ions occupy only one type of the lattice sites. In this case we have found

ions in the nearest and the next nearest neighbourhoods of the measured ion.

The aim of this contribution is to show the applicability of the nuclear magnetic resonance (NMR)
method for the study of the cation distribution in substituted ytrium-iron garnet u\umamig.o_r where
M= Al Ga, In.

The ytrium-iron garnet (YIG) is a ferrimagnetic insulator with a rather complicated crystal structure,
which belongs to the space group O;°—1Ia3d [1}, {2]. The Fe** ions occupy two types of lattice sites
(octahedral 164 and tetrahedral 244) which form two magnetic sublattices of the collinear ferrimagnet.
According to the results of classical magnetic measurements [3]1 Ga** and AP* ions occupy preliminarily
the 24d sites while In** jons occupy preliminarily the 16a sites, in the region of the small substituent
concentration.

Our samples were prepared by the conventional ceramic technology. We used both powder and
compact polycrystalline samples sintered at the temperature 1420—1450 °C. The phase purity,
:oiomnzama\ as well as the composition parameter x were checked by the X-ray method.

NMR spectra were measured by the spin echo technique using both the coherent and non-coherent
pulse spectrometers. We have detected the *'Fe spin echo signal coming from ions inside the
ferrimagnetic domains. The necessary resolution capability was obtained by means of a narrow receiver
band width in the case of the non-coherent spectrometer and by the Fourier-transform method in the
case of the coherent spectrometer.

The *’Fe NMR spectrum in stoichiometric YIG consists of three rather narrow lines (see Fig. 1). The
line at the frequency 65 MHz is due to the 244 sites. In the case of the 164 sites there are two
Magnetically inequivalent sites in the 1:3 distribution ratio, which have different values of the hyperfine
field [4]. This difference is caused by a different dipol-dipol interaction and hyperfine field anisotropy.
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Fig. 1. *Fe NMR line-shapes of YIG Substituteq
by Gaand Al at the temperature 19 K
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The measured NMR spectra presented a very good possibility for the study of diamagnetic jons
distribution in the crystal lattice. For example AP and Ga™ substituents for x <0 3 influenced very
strongly the 164 sites NMR Spectrum, while their influence on the 244 sites spectrum is rather weak. On
the other hand the influence of the [n** ions on the NMR Spectra is quite reverse in the region of x <0.2
(Fig. 2). For higher values of X we observe the broadening of the 24d line in the case of the AP*
substituent and the 164 line in the case of the In’* substituent, These results correspond to the presence
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Fig. 2. “Fe NMR spectra of YIG substituted by In at the temperature 10 K.
164

of substituents in both types of lattice sites. Generally speaking we may say that our NMR cation
distribution results are consistent with the above mentioned model based in classical magnetic
measurements.

We calculated the theoretical form of the NMR spectra taking into account the dipol-dipol
interaction and the supertransferred hyperfine field variation. It was found by comparison with the
measured spectra that these two contributions were not sufficient to explain the shape of the measured
spectra. To get a better agreement with the experiment it is necessary to consider some further
contributions to the hyperfine field, e.g. the change of the hyperfine field anisotropy and the loca} crystal
latiice deformation. A more detailed analysis is in progress and will be published later,
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