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We demonstrate experimentally the presence of a dynamic shift of the NMR
frequency of Mn* nuclei situated in the domain walls in the ferrite MnFe,O,.

PACS numbers: 76.60.Lz, 76.60.Jx, 75.60.Ch

It is known that the hyperfine interaction of the electronic and nuclear sub-
systems of magnetically ordered crystals leads to a dynamic shift of their
resonant frequencies (DFS). [!! Until recently the DFS and the phenomena re-
lated to it have been investigated experimentally in the electron-nuclear system
of a magnetic ion situated in a domain (see, e.g., ). Petrov and Moskaley, [*!
however, have shown that the nuclei of magnetic ions situated in a domain wall
can also have a noticable NMR dynamic frequency shift.,

In the present study, by investigating the properties of nuclear spin echo of
Mn% jons Mn?* in the manganese spinel MnFe,0;, we have demonstrated for
the first time the presence of DFS in NMR of nuclei situated in domain walls.
The measurements were made in the 570—600 MHz range at 7=1.6°K on a
polycrystalline MnFe,0, sample. It was observed that after two radiofrequency

FIG. 1. Additional and fundamental (on the right) two~pulse nuclear echo sig-
nals of Mn®® in MnFe,0;. Upper trace—signals from wave meter, showing the
location and durations of the two RF pulses, frp=585.7 MHz, delay between
pulses 7y5=25 usec, pulse durations 7,=7,=T,=1. 2 usec,
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FIG. 2. (a) and (b) Intensity I and time of
appearance ¢ of the additional and main
(dashed) echo as functions of the ratio
P,/P; of the powers of the two RF pulses.
The intensities are normalized, fgg
=585.7 MHz, T13=25 psec, Tp=Ty=Ty=1.2
psec, t=27y,+27,=52,5 usec.

(RF) pulses at frequencies 583—586 MHz were applied to the sample, two echo
signals of the Mn® nuclei were observed at different times (Fig. 1). The time
of appearance of one of the echo signals, ¢=27),+27,, does not depend on the
experimental conditions, !’ while the time of appearance of the second echo de-
pends on the ratio of the RF-pulse powers and on the detuning between the echo
frequency and the frequency of the exciting pulses. With increasing power of the
second RF pulse, the time ¢ of appearance of this additional signal, decreases
[Fig. 2(b)]l. The maximum value of ¢ is much larger than that observed in crys-
tals with large DFS, !°! and reaches 70% of 7,, in a number of experiments, On
the contrary, an increase of the power of the first pulse causes the additional
echo signal to shift to =27y, +27, and to merge with the main signal. In the
three-pulse procedure one observes analogously two stimulated-echo signals,
and the dependence of the intensity of the additional stimulated echo on the delay
743 of the third pulse is nonmonotonic (in analogy with MnCQ;!5)). The relaxation
characteristics as well as the optimal conditions for the observation of the
additional and the main echo signals also differ greatly [see Table I and Fig.
2(a)l. An analysis of the properties of the additional echo shows unequivocally
that the Mn® nuclei investigated when the additional echo is observed undergo

a dynamic shift of the NMR frequency.

It is known that the dynamic frequency shift of nuclei in domains is weak in
MnFe,0, at T=1,6°K. 4! One can expect, however, the DFS for nuclei in the
domain walls to be much more effective, ! since the resonant frequencies of the
domain walls and the NMR can be close in magnitude. It is therefore natural to
assume that the DFS that appears in the investigation of the additional echo is
due to coupled oscillations of the nuclear magnetization and of the domain walls.
To check on this assumption, investigations were carried out in an external
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TABLE L Parameters of nuclear echos of Mn®® in MnFe,O, at T=1.6°K. The
RF-pulse power ratio P,/P; is given for the maximum intensity of each echo
[see Fig. 2(a)l. T; and T, are the effective times of the longitudinal and trans-
verse relaxation, T; was measured at Ty3 > 3 msec and frp=585. 7 MHz.

Echo width,
Type of echo ¢ :s:: PZ /P1 T2) usec T1 y usec
Main 2-3 2 15 70
Additional 5-6 0.2 6 1500

magnetic field. The measurements have shown that the RF pulse powers, which
were optimal for the observation of the additional echo, are practically indepen~
dent of the external magnetic field H,, and the intensity of the additional echo
decreases at Hy>1 kOe (Fig. 3). (47M/3=2.34 kOe for MnFe,O, at T=1,6°K.)
This indicates that the additional echo comes from nuclei in the domain walls,
since the domain walls vanish when the sample is saturated.

Thus, with MnFe,O, as an example, we were able to demonstrate experiment-
ally that magnetic-ion nuclei situated in domain walls can also have a noticable
dynamic NMR frequency shift.

The authors thank A.S. Borovik-Romanov, M.I. Kurkin, and V.S. Dumesh
for useful discussions, and Yu. M. Bun'kov for confirming the experimental
results,
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DThe properties of this echo of the Mn® nuclei of Mn?* ions in domains have
been sufficiently well investigated, ! The signal in question was observed in the
range 575—595 MHz,
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