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ABSTRACT

In a previous work, %Y measurements at 4.2 K in CRin__xJFez
compounds, with R = Th and Ho and 0.08 £ x £ 0.20, have shown broad
NMR spectra, due to transferred hyperfine interactions. v NMR
gignals could not be observed with R = Dy in the same composition
range. In the present work, compounds were prepared with dysprosium
substitution in the concentration range 0.008 £ x <€ 0.02 +to
investigate the origin of this ancmaly. Compared toc the pure YF‘az
compound, the observed NMR spectra are broadened and show a shift
towards higher frequencies. With increasing Dy concentration, the NMR
signals fall very rapidly. Measurement of relaxation times shows that
the decrease in the signals cannot be attributed to a sharp increase
in the nuclear relaxation rate due to the presence of Dy atoms in the
matrix. Magnetization measurements at 4.2 K were performed in samples
with Tb, Ho and Dy; the results indicate that the behavior of the Dy
compounds is qualitatively different in the low magnetic field region
of the curves, requiring a minimum applied field to start increasing
the mgnotizéiion. The NMR data and t;.he magnetization results of the
Dy compounds can both be explained as arising from a much lower
mobility of the domain walls.

Key-words: NMR; hf interactions; Rare earth; Intermetallic compounds.
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Introduction.

RF‘aa intermetallic compounds have a C15 Laves phase
structure where all R atoms occupy equivalent cubilc
crystallographic sites. YF‘E-a is ferromagnetic, with a
transition temperature of 542 K and a magnetic moment of 1.5
H, Per Fe atom at saturation; the magnetization prefers to
align along an {1 1 11 easy direction'. In an earlier workz.
9°Y-NMR measurements at 4.2 K were performed in CRin_KDF‘ez
compounds with R = Tb and Heo in the composition range 0.085
T x X 0.20, tLo study +Lthe transferred hyperfine Chfd
interactions arising from the R impurities. Compared to the
YF‘ea narrow single-line spectrum centered at 48.84 * 0,02
MHz, the pseudo-binary spectra at 4.2 K were broadened and
the line centers shifted towards higher frequencies as the R
concaentration increased. The spectra were interpreted within
a model that restricted the R contributions to the Y hf
field only to indirect transfers of interactions via the Fe
sub-lattice. The model takes as effective on the Y site
field every rare earth atem that shares at least one Fe
common first neighbor with the Y atom. In this picture, R
atoms in the first, second and third shells around the Y
site contribute to the Y field, since they have 8, 2 and 1
common Fe first neighbors, respectively. On that same study,
one could not measuyre Y NMR spectra of samples with R = Dy
in the composition range indicated above: the echo signals
were very weak even for a sample with x = 0, 03.- and
ware not observed for higher values of Dy concentration.

Significant effects of reduction in the amplitude of
NMR echo signals had also been observed in other systems
containing Dy, like in the pure Dy metal and in the series
CDy ¥, DAL, which were related to limitations upon the
domain walls motion™*. Similar effects were also reported
for **Co NMR in CY,Dy>Co_ compounds”.
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In a magnetic medium the generation of detectable NMR
signals is largely related to the value of the enhancement
factor 7, which measures the effect of amplification of the
applied radic fregquency field H‘ at the nuclear site®. The
origin of this amplification is the appearance of a
transverse component of the electronic magnetization under
the rf field; this component oscillates with the frequency
of the field H‘. Considering that the hyperfine field th is
collinear with the electronic magnetization, a transverse
component of the hf' field that adds to the applied field Hi
is generated. The factor n, in the domain walls can be
considerably larger than the value of n, in the domains of a
specimen, since the motion of the walls produces larger
turning angles of the electronic magnetization in their
interior.

In order to understand the peculiar behavior of our
series with Dy substitution, NMR measurements were per { or med
at 4.2 K and 77 K in Dy-substituted compounds with O < x <
0.02, and curves of magnetization versus applied field were
taken in compounds with Ho, Tb and Dy substitution for x <
0. 20.

Experimental.

_ The pulsed NMR measurements were made on powdered
polycrystalline samples of CDnyi_xDFez embedded in =ilicone
oil, with x = 0; 0.005; 0.0075; 0.0i; 0.0125; 0.015 and
0.02. The compounds were melted in arec furnace under argon
atmosphere from high purity metals; annealing of the as-cast
buttons was done at €00 ¢ rfor pericds of 100 hours. The
formation of a Cl5 Laves phase structure in the compounds
was confirmed by X-ray analysis of powdered samples at room
temperature. The NMR spectra were obtained with a Bruker
spectrometer and low temperatures were reached by dipping
the samples into liquid helium and 1liquid nitrogen.
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Optimization of the resonance conditions required typically
pulses of 0.8 pus width; the Dy samples required higher power
than the others. The spectra were made by plotting spin echo
heights versus freguency, with pulses A and B separated by
intervals of the order of 30 us.

The magnetization data were taken with a vibrating
sample magnetometer, by using single pieces of the
appropriate compound with masses.of the order of 50 mg. The
samples were cocled without an external applied field, and
the measurements above 4.2 K were made by increasing

continuously the temperatures.
Experimental Results.

Spectra at 4.2 K could be obtained with the power and
sensitivity of the spectrometer for compositions with Dy up
to x = 0.015. The relative intensity of the line decreases
rapidly with Dy concentration by a factor of approximately
100 from O % to 1.5 %; for the sample with x = 0.02 the
aechoes were barely detectable at the frequency corresponding
to the main peak in the other spectra. On the other hand,
the spectra for x £ 0.02 were easily obtained under normal
conditions at T = 77.4 K; for x = 0,05, however, ithe echoes
were not observed. Figures 1a and 1b show some of the
spectra at those temperatures. Measurements of nuclear
relaxation Limes T; ware also per f ormed for some
concentrations, at liquld helium and at liquid nitrogen
temperatures; these relaxation times are of the order of
milliseconds.

Apart from the echo intensity features mentioned above,
the spectra of the pseudo-binarie= at 4.2 K are
characterized by a broadening of the line and a small
increase in the center frequency compared to the pure YFez
case. In this respect the Dy spectra resemble the spectra
obtained with other rare earth impuritias.z
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Since the signals are more intense at liquid nitrogen
temperatures, resolved satellite lines could be observed at
77 K - Fig. 1b - with relative intensities that increase
with the Dy concentration. It should boe noted that Lhe YF‘oz
spectrum at this temperature is very narrow.

The magnetization curves at 4.2 K of several samples
with Dy, Tb and Ho in the concentration range O £ x = 0.20
are presented in Fig. 2. Although measurements were made up
to 13 kOe the figure draws attention to the initial part of
the curves, corresponding to very low values of the applied
magnetic fleld. Figure 3 shows a full cycle of magnetization
for the sample with 20% Dy at 4.2 K. Figure 4 shows the
values of critical fields for the Dy compounds versus
concentration at 4.2 K and also the critlcal filelds vs
temperature for the 204 sample, cbtained from the

magnetization curves.
Discussion.

The anomalous behavior observed in the series RxY1_xFez
for R = Dy, leading to a reduction of the NMR signals, is
not due to particularly shorter relaxation times Tz’ since
the measured T; values are much longer than the typlcal
interval of 30 us between excitation pulses A and B. The
anomaly in NMR behavior is paralleled by a large coerclvity
found in the same compounds, compared to those containing Tb
and Ho C(Fig. 2). One can observe that the Dy substitution
for Y even in small percentages produces an immediate effaect
of reduction in the magnetic susceptibility x = COM/OH)  of
the compound. With the data plotted in Fig. 2 for small
fields, it is found that in the compound with 2% of Dy x is
a factor of 10 smaller than the values observed in YFea and
in samples with R = Ho and Th. From 2% up to 20% of Dy, the
low field susceptibility suffers a reduction by another
factor of 10.
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Besides this strong effect on x values, the increase in
Dy concentration introduces higher values of critical fields
in the magnetization curves (defined as the point in the H
axis where there is a turn in the magnetizationd. Fig. 4.b
illustrates the behavior found for Hc at 4.2 K; the value of
Hc for 20% of Dy (7.5 kOed is 10 times larger than the
maxi mum Hc observed® across the system CDy.Y)Alz. indicating
the possibility of larger fields for higher Dy
concentrations in our system.

On the other hand, the critical field Hc shows a rapid
decrease with temperature, as expressed in Fig. 4.2 for 20%
Dy, in spite of the fact that the magnetization intensity
does not vary appreciably in this range of temperature,
since the compound has a much higher TE' Considering that Hc
has a similar behavior with T in the sample with 2% of Dy,
the coercive field eventually present at 77 K would be
smaller than the RF applied field. Thus, the temperature
dependence of the end point of this flat region in the
beginning of the M vs H curve CFig. 4ad points to a larger
mobility of the domain walls at higher temperatures, and the
recovery of the NMR signals at 77 K goes in the same
direction. These facts can be understood if one accepts that
most, if not all the signals measured in the pseudo-binaries
originate from nuclei in domain walls. The smaller mobility
of these walls at helium temperatures lowers the enhancement
factor, And consequently eliminates the signals from this
region of the samples; the amplification factor of the
domains is not sufficient to allow a proper excitation of
the nuclear spins system. In magnetic compounds with a large
ratio between anisotropy and exchange energles, the domain
pattern 1is characterized by particularly narrow domain
walls:; a further occurrence of crystal imperfections or
pinning effects can generate a blocking of wall motion to
fields below a a critical value Hc' In these systemss, the

enhancement. factor n, can be related to the critical fleld
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through n, % 1/Hc. Applying this model to our case, the
observed values of Hc indicate a reduction in n, by a factor
of 10° between the compounds with 2% and 20% of Dy. The
attribution of the NMR aignala to domain walla in theao

pseudo-binary compounds is alsc confirmed by the significant
changes produced in the echoes by external magnetic fields.
The recovery of signals at 77.4 K for x £ 0.02 has
permitted the obzervation of spectra that broaden
considerably with Dy concentration, following the pattern
presented at 4.2 K and in c¢ompounds with other R.
Furthermore, at this low range of composition, one has found
satellite lines with relative intensities that increase with
Dy concentration; these extra lines were not visible at 4.2

K, possibly due to the weakness of the signals.
Conclusions.

In the present work we have searched for the cause of
the rapid decrease® in *%Y NMR signals observed in the
series of RKY‘_XFQz pseudo-binary intermetallie compounds,
for R=Dy, compared to the behavior with Ho and Tb. From the
small value of the derivative of the curve of M x H obtained
for the l'.')yu‘f‘.__xl?e-z series, we conclude that the observed
anomaly in the NMR behavior is due to a lower mobility of
the domain walls at 4.2 K in these compounds. These walls
are very narrow, probably a few interatomic spaces thick, as
in other Dy intermetallic compcunds'. The cause of this
blocking could be the Kersten mechanism as in Dnyi.-xAlz' or
intrinsic pinning'. The study of the spectraoscopy of the Dy
series is under way, making use of the recovery of the NMR

signals at higher temperatures.
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FIGURE CAPTIONS.

Fig. 1 Cad gDY spin echo NMR spectra of Dny1~xFez at 4.2 K and Ch) NMR
spectra at 77.4 K; the area of the curves are normalized.

Fig. 2 Magnetization of Rin xFez intermetallic compounds at 4.2 K versus

external magnetic filield. The experimental points for the different
samples had the origins displaced by 1, 2, 8, 7, © and 11 emu-g to avoid

superposition.

Fig. 3 Magnetization cycle for Dnys-xFez (x = 0.200 at 4.2 K showing the

large coercive field of this compound.

Fig. 4 Cad Logarithm of the magnetic critical fleld (see text) of the
Dnyt_xFez {x = 0.20) pseudo-binary compound versus temperature and Cb)

Logarithm of the magnetic eritical field at 4.2 K versus percentage of Dy
in the Dnyi_buz compounds. The curve is intended to guide the eyes.
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