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Abstract

Magnetic field dependence 1Co NMR resonance frequencies in ferrimagnetic Er@as measured in fields parallel and perpendicular
to thec-axis of the crystal up to 8 T at 4.2 K. The zero field powder spectrum at 4.2 K shows three resolved lines at 23, 65, and 96 MHz, which
correspond to 3b, 6¢, 18h sites of Co, respectively. When field is applied alongig, the resonance frequencies of 96 MHz line increase
at about 10.01 MHz/T with increasing field, while those of 23 and 75 MHz lines decrease at the same rate. This means that the hyperfine
field Hys is negative only for the Co 18h site, whereas at 3b- and 6¢c-Co it is positive. The pdgitiieresulted from a large contribution
of unquenched 3d orbital moments. When field is applied perpendicular teakis, the frequencies of all three resonance lines increase
with increasing field, which means thAky is negative at all the three Co sites. The resonance frequencies abruptly change around the field
between 2 and 3T due to the field induced metamagnetic transitions caused by the rotations of Er and Co magnetic moments towards tt
direction of the applied field from theaxis.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Recently, a temperature induced phase transition was
found at 100 K[3,4]. From the zero field NMR 0?°Co in
The RCa@ compounds (R: rare-earth element) crystal- ErCo; at 4.2K using powdered sample, three Co resolved
lize in the rhombohedral Puptitype structure with two and  lines were obtained at 23, 65, and 96 MHz, which corresponds
three nonequivalent crystallographic sites for R and Co, re- to 3b, 6¢, 18h sites, respectivgly,6]. Temperature induced
spectively[1]. YCos is a very weak itinerant ferromagnet metamagnetic transition around 100K was also confirmed
(Tc = 300 K). Metamagnetic transition occurs in magnetic from the temperature dependence of the Co sublattice mag-
field of 82 T. In RCa compounds with magnetic R-elements, netizations obtained by NMP,6]. According to the results
the d-sublattice magnetization is modified owing to the strong of neutron diffraction[2], the field induced metamagnetic
molecular field of rare-earth sublattice. ErGmas found to transition was found around 3 T at 4.2 K when the field was
be a ferrimagneti = 401 K) in which the moments of Er  applied perpendicular to theaxis. The moments of one of
and Co sublattices were oriented in opposite directions alongthe two Er sites remains nearly oriented alongtais while
the c-axis of the crysta2]. those of the other Er sites rotate through an angle of Bb
order to investigate the behavior of the magnetic moments in
ErCos, NMR measurements 8fCo in ErCg have been car-
* Corresponding author. ried out focusing on the field dependence of the Co sublattice
E-mail address: niki@sci.u-ryukyu.ac.jp (H. Niki). magnetizations.
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2. Experimental

The polycrystalline ErCosample material was prepared
in a high-frequency induction furnace under argon atmo-
sphere in a water-cooled copper boat. The Eribgot was
subsequently annealed at 8%Dfor 24 h. The sample used
in this investigation was confirmed to be crystallized of the
stoichiometric ratio of 1:3. In order to align the magnetic
easy axis along the field, powdered sample was oriented in
an external field and fixed in paraffin at room temperature.
The NMR spectra were measured by frequency and mag-

netic field sweeps at 4.2 K using a homemade phase-coherent

pulsed spectrometer.

3. Results and discussion

The external magnetic field dependence of resonance fre-

quencies oP°Co NMR was carried out in fields parallel and
perpendicular to the-axis up to 8 T at 4.2 K (the-axis is the
easy axis)Fig. 1shows the field dependence of the Co NMR

frequencies at each Co site when fields are applied along the

c-axis. The resonance frequencies of 96 MHz line increase at
about 10.01 MHz/T with increasing field, while those of 23
and 65 MHz lines decrease at the same rate. All three Co fre-
quencies in external fields change at the rate of 10.01 MHz/T
which is in agreement with the gyromagnetic ratiof °°Co
isotope. This means that all resonance lines are ascribed i
Co and all Co-moments are aligned collinear to the applied
field. The hyperfine fielddn; at Co-nuclei is parallel to the
external field for 18h-Co whereas antiparallel at the 3b and
6¢ sites. The frequenay changes against the external field
as follows,

)

We find Hys = +2.3, +6.5, and-9.6 T for 3b(Cg), 6¢(Cqy),
and 18h(Cqy) sites, respectively, since all Co-moments are
antiparallel to the Er-moments. Neglecting transferred and
dipolar fields, one ha#lht = Asus + Aopo With pg for spin
and o for orbital moment and the corresponding coupling
constantsAs = —13T/ug and Ap = 65 T/ug [7]. The un-
usual positive sign offys is, thereby, due to an unquenched
orbital moment. Total Co-moments @fco = 1.2, 2.0, and
1.4up have been determined from neutron diffraction for
3b(Cq), 6¢(Cq)), and 18h(Cq) sites, respectively4].
Therefore, we can estimate the sizeu@fand o from Hps
anduco = ps + to- One findsus = 0.97, 1.58, and 1.28p
anduo = 0.23, 0.42, and 0.11g for 3b(Cq), 6¢(Cq), and
18h(Cq ) sites, respectively.

Fig. 2 shows the field dependence of the Co NMR fre-
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Fig. 1. External field dependence ®iCo NMR frequencies in ErGpat
4.2K in the case of external field parallel to thexis. Hyperfine field at

rf:q.. site is parallel to the external field whereas those atadal Cq are

antiparallel to it. Broken lines below 0.5 T show deviations of frequencies
from the rigid lines due to the influence of the demagnetization field.

moments towards the direction of the applied field fromthe
axis. Ninety six and 23 MHz lines are divided into two lines

in fields above about 2 T. The upper frequency part corre-
sponds to the resonance line assigned to the majority of Co
for both sites with the moments inclining towards the direc-
tion of the applied field. The intensities of the resonance lines
at the lower frequency part, which is due to the residual mag-
netic moments keeping in theaxis, decrease gradually with
increasing fields. This means that the part of the residual mag-
netic moments in the-axis are flips towards the direction of
the magnetic field. The resonance frequency of 65 MHz line
increases almost continuously with increasing field passing
through about 2.5 T. Since the shift of frequency versus field
for 65 MHz line below 3 T was very small, the measurements
of the resonance frequencies could be only carried out by
frequency sweep method. Symbols of open circles, squares
and lozenges, and solid triangles for each Co site show the
resonance frequencies obtained by field-down and field-up
process, respectively. The hysteresis in the field dependence
of the frequencies is observed in the region below about 1 T

quencies at each Co site when field is applied perpendicularand between about 2 and 3 T.

to the c-axis. The frequencies of all three resonance lines
increase with increasing field. They abruptly change around
the field between 2 and 3 T due to a field induced metamag-
netic transition caused by the rotations of Er and Co magnetic

The field induced metamagnetic transitions caused by ro-
tations of Er and Co magnetic moments inclining with an
angled from thec-axis towards the direction of applied field
can be estimated by the following equation for the resonance
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P e B L L I U opposite directions. The average angle of Co-momentsis 41
) 7 These results are almost consistent with our Co data obtained
[ ¢ 23MHz Line | by NMR. It is reasonable understood as follows:,(&x)
I O 65MHz Line i sites are surrounding an |Esite, the moments of both sites
200 - O 96MHz Line . remains nearly in the direction ofaxis due to their strong
s X Frequency Sweep : interactions. On the other hand, (@b) and Cgq, (18h) sites
- A Ficldup 0=60 1 are in the vicinity of Ef and the moments of Co and Er are

tilted by nearly same angle from theaxis.

From the analysis by Eq(2), we can obtainHns =
—2.3,-4.8,and-9.9T for 3b(23 MHz)-, 6¢(65 MHz)-, and
18h(96 MHz)-Co sites, respectively. The hyperfine fields on
59Co nuclei of all three Co sites have negative values af-
ter metamagnetic transitions. The value of hyperfine field
for 96 MHz line keeps almost the same one after the meta-
magnetic transition whereas those for 23 and 65 MHz lines
show large variations including their signs. We can try to es-
timate the magnitude of spin and orbital magnetic moments
at each Co site tentatively since we can use the same values
obtained from neutron diffraction mentioned ab®k sup-
posing that the total moments do not change by the metamag-
) netic transition. One findgs = 1.03, 1.73, and 1.28g and
P P S P T FETT PR P P o = 0.17,0.27, and 0.1 for 3b-, 6¢-, and 18h-Co sites,

0 1 2 3 4 5 6 7 8 respectively. From these results, the contribution of the sur-
External Field (T) viving unguenched orbital angular moments decreases on Co
site by the occurrence of the change of magnetic anisotropy
Fig. 2. External field dependence $iCo NMR frequencies in ErGpat at each Co site by the metamagnetic transition when the field
4.2K in the case of external field perpendicular to thaxis. The upper is applied perpendicular to theaxis. Magnitude of spin and

branches of 96 and 23 MHz lines above 3 T are due to the moments flipped h ) . .
toward the direction of applied field from tlaeaxis. The lower branches are orbital moments obtained for 18h(96 MHz) sites is correct be-

Frequency ( MHz)

due to residual magnetic moments still keeping in the direction af-tods. cause the value of hyperfine field at this site does not change
The intensity of those lines decreases with increasing applied field. by the transition. However, the values of both moments ob-

tained for other sites would be slightly incorrect because of
frequency,

a fairly large change of the hyperfine fields including their
signs. Further investigation will be needed for the correct
values of total Co-moment at each site when the magnetic

The moments of the 96 MHz (Go) and 23 MHz (Cg) lines  field is perpendicular to the-axis.
are inclined by 60and 50 from c-axis, respectively, whereas
that of 65 MHz(Cq) line is inclined by a small angle of 20
Also the moments about the lower partlines of 96 and 23 MHz

lines above 3T are only inclined by 1&nd 7, respectively. _ _ o

. . . _[1] F. Bertaut, R. Lemaire, J. Schweizer, C. R. Acad. Sci. Paris 260 (1965)
This means that the moments for the lower part lines remains 3505
in the direction of nearly-axis. With increasing field, the 7] R. Georges, J. Schweizer, J. Yakinthos, J. Phys. Chem. Sol. 36 (1975)
intensity of the lower part decreases and then all of them 415,
incline the same ang|es of 6®or 96 MHz (Cq”) and 50 [3] N. Ali, I.S. Dubenko, I.Yu. Gaidukova, A.S. Markosyan, V.E. Rodimin,
for 23 MHz (Cq) lines at last. In the case of 65 MHz line, the Physica B 281/282 (2000) 696. _

ts alian t is bel dab 3T dth [4] E. Gratz, A.S. Markosyan, V. Paul-Boncour, A. Hoser, NisSer, |.Yu.

moments align to nearky-axis below and above 3T, and the Gaidukova, V.E. Rodimin, Appl. Phys. A 74 (Suppl.) (2002) S698.
magnitude of the hyperfine field is changed corresponding to (5] H. Niki, M. Pieper, E. Gratz, K. Hense, A. Hoser, N.iSser, V.
the frequency shift from 65 to 50 MHz. Paul-Boncour, A.S. Markosyan, Physica B 329-333 (2003) 1105-

Itwas revealed by neutron diffracti¢®] that the moments 1106. - N )
on Ef, are fIipping by 55 from ¢ direction towards the di- [6] M.W. Pieper, H. Niki, U. Seto, E. Gratz, K. Hense, NuSser, V. Paul-

. . . . Boncour, A.S. Markosyan, A. Hoser, J. Magn. Magn. Mater. 272-276
rection of applied field above 3 T whereas E&mains nearly (2004) £389-e390 Y g 9

oriented along the-axis (flipping angle of 15from the c di- [7] H. Yoshie, T. Fujii, H. Nagai, A. Tsujimura, Y. Nakamura, J. Phys. Soc.
rection). The moments of Er and Co keep always to alignto  Jpn. 54 (1985) 2725.

w1 = y\/ HE — 2HnHo sind + H} @)

References



	Field induced metamagnetic transition of ErCo3 studied by NMR
	Introduction
	Experimental
	Results and discussion
	References


