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Synopsis

Rare earth intermetallic compounds RX and RX= ( R = Gd, Tb, Dy,
Ho and Er: X = Ag and Au) are antiferromagnetic compounds with the
CsCl-type crystal structure and the MoSiz-type one, respectively. Mag-
netization process is investigated for these compounds under static
magnetic fields up to 270 kOe and pulsed ones up to 300 kOe. The ob-
served field induced transitions are reviewed together with their mag-
netic phase diagrams.

I. Introduction

Rare earth metals (R) and noble metals (X) form a series of inter-
metallic compounds with formula RX, RX=2, RXa and RXa4. Extensive
studies have been done by many authours®’, since the systematic in-
vestigation of the magnetic properties and their related properties of
these compounds are useful for studying the indirect exchange interac-
tion between magnetic ions embedded in crystals with a simple crystal
structure together with ions of Ag or Au of relatively simple
electronic configurations. The compounds RAg and RAu for heavy R have
the crystal structure of a CsCl-type and are reported to be
antiferromagnetic(AF) from the measurements of temperature dependence
of magnetic susceptibility. Some of them have a magnetic order-order
transition at the transition temperature(T:) below the Neel
temperature(T~). The neutron diffraction studies show that TbAg has
the commensurate (z 7z 0) AF structure below Tn®’, DyAg®’ and ErAg®’
the commensurate AF(1) structure below T+ and the sinusoidally modu-
lated AF(2) one between T. and T~, and HoAg®’ the quasi-sinusoidally
modulated AF(1) structure below T+ and the sinusoidally modulated
AF(2) one between T« and Tw~. The temperature dependence of electrical
resistivity was also studied for the above compounds®-7’

The values of T« and T~ for RAg and RAu are obtained as following;
Te:Taw = -- @ 155 K®? for GdAg, -- : 106 K®’(100 K®’) for TbAg, 46.6
K*°? (46 K3’) : 56.7 K*°’(56 K?®’) for DyAg, (27 K®?) : 33 K*°’(33 K®?)
for HoAg, 9 K*©2(9.5 K%’) : 18.8 K*°’(18 K*’) for ErAg ; Tn = 23 K*®
for DyAu, 10 K*°’ for HoAu and 16.5 K*°’> for ErAu. T~ in the paren-
theses is from the results of neutron diffraction experiment.

For heavy rare earth elements the compounds RAg- and RAu= have the
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tetragonal crystal structure of a MoSiz=-type, in which R atoms occupy
the corner and body center positions. They are all known to be an-
tiferromagnetic from the magnetic measurements. According to neutron
diffractlon studies by Atoji, TbAg="*’ has the 1layer-type commen-
surate antiferromagnetic(AF) structure below Tn and DyAg=*2’, TbAuz*>’
and DyAu=*2?’ the commensurate AF(1l) structure below T+ and the incom-
mensurate transverse wave AF(2) one between T« and Tn.

The values of T. and T~ are obtained to be T+ : Tn = -- : 34.4
K**> (-~ : 35 K**’> for TbAg=, 9.5 K**’(9.5 K*3?) : 15 K(15 K) for DyAg-
-- : 49.6 K*®-*®? for GdAu=, 43 K*®’(42.5 K*®?) : 55 K(55 K) for TbAu=
and 25 K*®’(25.5 K*®?) : 31 K(33.8K) for DyAu=.

In this report, we review our results of measurements of magnetiza-
tion process for the intermetallic compounds RX and RXz= (R = heavy

rare earth elements and X = Ag and Au) under static magnetic fields up
to 240 kOe and pulsed ones up to 300 kOe. The magnetic phase diagrams
are also presented.

II. Experimental Procedures

All the specimens were prepared by arc-melting the mixtures of ele-
ments of formula proportion in an argon gas atmosphere and then an-
nealed at 500 °C for 2-10 days.

Magnetization was measured using a vibrating-sample magnetometer un-
der static magnetic fields up to 170 kOe which were generated by a
water-cooled solenoid of the Bitter-type or using a sample extraction
magnetometer under static magnetic fields up to 240 kOe which were
generated by a hybrid magnet installed in High Field Laboratory for
Superconducting Materials, IMR, Tohoku University. The magnetization
was also measured under pulsed magnetic fields up to 300 kOe.

III. Experimental Results and Discussion

Figure 1 shows the magnetization curves of GdAg and TbAg measured
under both static and pulsed magnetic fields*7’. Magnetizations of
GdAg increase linearly with magnetic field as seen in the figure. No
field induced transition was observed under the magnetic field
employed in this experiment. The magnetization curve of TbAg at 95 K
near T~ shows apparently an existence of field induced transition,
which is considered to correspond to the transition from the AF state
to the paramagnetic(P) one. The magnetization curve at 78 K shows a
break from the linear part in low field region around 250 kOe, which
indicates occurrence of the transition. The critical field He 1is
defined here as the field of intersection of interpolations of the
magnetization curves above and below the break. The temperature depen-
dence of H. of TbAg is shown in the inset of Fig. 1. He appears to
decrease sharply Jjust below T~. Recently, Morin et al.*®’ have
reported that the transition of TbAg at Tw is of the first order tran-
sition from the results on temperature variations of magnetization,
electrical resistivity and thermal conductivity. The sharp decrease of
He near Tn 1s consistent with their results.

In Fig. 2 and 3 are shown the magnetization curves for DyAg under
static magnetic field up to 150 kOe and pulsed one up to 300 kOe,
respectively*™’. In the magnetization curve at 4.2 K under pulsed
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Fig. 1 Magnetization curves of GdAg Fig. 2 Magnetization curves of DyAg
and TbAg under static field up under static magnetic field.
to 150 kOe and pulsed field up
to 300 kOe. Inset: Magnetic
phase dlagram of TbAg.
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Fig. 3 Magnetization curves of DyAg Fig. 4 Magnetic phase dlagram of DyAg.

under pulsed magnetic field.

field there is observed apparently a two-stage field induced transi-
tion occurring at critical fields Hea and Hez. And then there are also
observed anomalous magnetization processes around 75 kOe (Haa) and 85
kOe (Haz) in the magnetization curves under static field, which are
considered to be due to field induced transition. The extrapolation
of the part M-M' of the magnetization curve to zero field intersects
the ¢ axis at a finite magnetization, ¢ ext. This means that the
transition is not that from the AFl state with small susceptibility
¥ arz to the AF2 with large x arz and the spin-flip transition cor-
responding to the change of the direction of AF spin axis, but there
occurs the transition to an intermediate magnetic state with resul-
tant ferromagnetic component induced by applying field. The value of
¢ ox+ decreases with increase of temperature. The first transition and
0 ext disappear around Tx. The magnetization curve at 50 K between Te
and T~ shows only a one-stage field induced transition from the AF2 to
the paramagnetic state. The transition is very gradual and then He= 1is
not determined definitely at high temperatures. No field induced tran-
sition was observed at 57 K above Tw. The variations of Hei and He=
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with temperature are shown in Fig. 4, 1in which H.. shows the sharp
decrease around Te.. Recently, Morin et al.*®’ have studied the mag-
netoelasticity and high field magnetization for the single crystal of
DyAg. The measurements of magnetization were carried out in pulsed
magnetic flelds up to 400 kOe. They found that a two-stage fleld in-
duced transition occurs along the [001] axls and a three-stage one
along the [101] axls and [111] axes. They pointed out that the
sequences under field of the different magnetic structures are mainly
determined by the crystalline electric field and the antifer-
roquadrupolar interactions. The critical fields obtained for the
polycrystalline sample in the present experiment, Ha:i, Hei, Ha= and
Hez, seem to cortespond the Hea[001], Hoa{111], Hea[101] and He=[001]
for the single crystalline sample, respectively. The transitions above
200 kOe were smeared out for the polycrystalline sample and were not
detected. '
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Fig. 5 Magnetization curves of HoAg Fig. 6 Magnetic phase diagrams for
and ErAg under static magnetic HoAg and ErAg.

field at 4.2 K.

Figure 5 shows the magnetization curves of HoAg and ErAg at 4.2 K
under static magnetic fields up to 270 k0e®°’. As seen in the figure,
a multi-stage field induced transitlon occurs at the critical fields
shown with arrows for both compounds. The transition fields at 4.2 K
are obtained to be Hea = 51 kOe and Hez = 72 kOe, Hea = 125 kOe, Hea
= 150 kOe and Hes = 180 kOe for HoAg, and Hea = 27 kOe, He> = 58 kOe
and Hea = 77 kOe for ErAg. Both magnetization curves appear to be
saturated in fields above 200 kOe. The magnetic moment per Ho and Er
lon estimated from the magnetization at 270 kOe i1s g uwo = 8.9 g s and
£ - = 7.6 u m, respectively, which are comparable to those obtained
in neutron diffraction measurements. The behavior of the first field
induced transition for HoAg 1s somewhat different from that of DyAg
and ErAg, since the extrapolation of the part A-B of the magnetization
curve to zero field passes the origin. This field induced transition
is considered to correspond to the transition from the AF1 state to
the AF2 one as observed for DyAu. described later.?**’ The magnetiza-
tion process after the second field induced transition indicates that
the different intermediate magnetic states appear after each transi-
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tion, since the extrapolation of the magnetization curve to zero field
after each transition intersects the finite value of the ¢ axis. In
the case of ErAg the extrapolation of the part A-B of the magnetiza-
tion curve to zero field intersects the ¢ axis at a finite value for
the magnetization. This behavior of the magnetization means that the
first transition is one from the AFl1 state to an intermediate magnetic
state with a resultant ferromagnetic component like that observed for
DyAg. The magnetization measurements at various temperatures were
carried out under magnetic field up to 150 kOe. The temperature depen-
dence of the critical fields thus obtained is shown in Fig. 6. The
transition at Hez, Hes, Hea and Hes smeared out with increasing tem-
perature, so that the temperature dependence of each critical field
could not be determined at high temperatures.

Figures 7, 8 and 9 show the magnetization curves of DyAu, HoAu and
ErAu, respectively®®’. There was observed only a one-stage field in-
duced transition for these compounds contrast with the RAg compounds
showing the multi-stage transition. The temperature dependence of Hc
for ErAu is shown in Fig. 10 and those for DyAu and HoAu could not be
determined definitely at high temperatures.

Figure 11 shows the magnetization curve for GdAu=1°’. A field in-
duced transition is observed around 50 kOe. The extrapolation of the
high field part of the curve to zero field crosses the origin as seen
in the figure. Then this transition corresponds to the spin-flip tran-
sition, where the AF spin axis changes to the direction perpendicular
to the applied field from one parallel to the field. In Fig. 12 is
shown the temperature dependence of H. which corresponds to that of
an anisotropy energy.
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and pulsed one.

Figures 13, 14, and 15 show the magnetization curves for TbAg=,

DyAg=, TbAuz®*’. There occur field induced transitions around 80
(TbAg=), 40 kOe (DyAg=) and 100 kOe(TbAuz) , respectively. The
served field induced transitions appear like the transition from
AF state to the P one. On the other hand, the magnetization curve
DyAu- at 4.2 K in Fig. 16 shows a two-stage transition. The
trapolation of magnetization curve between 35 kOe to 50 kOe after

kOe
ob-
the
for
ex-
the

first transition crosses the origin and then this transition is con-

sidered to correspond to the transition from the AF1 state to the

AF2

one. The field induced transitions above T. are a one-stage transition
from the AF2 state to the P one. From the magnetization curves in high

field region the saturation magnetic moment g ==t per R atom was

es-

timated by using the law of approach to saturation. The obtained
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values are j set = 4.3 s (g ~o = 8.95 g s from neutron diffraction

experiment) for TbAg=, 6.9 u = (7.44 u =) for DyAg=, 6.0 u = (9 I =)
for TbAu= and 7.2 g = (9.2 1 =) for DyAu=. All the estimated values of
Il mmt are small compared with those of px ~o. Especially the value of
U mmt in TbAg= 1s very small. This suggests that one more transition
will occur for TbAg= with further increase of field. The magnetic
phase diagrams are shown in Figs. 17, 18 and 192°°.

The multi-stage field induced transitions are observed for HoAg and
ErAg as mentioned above. However, we can not discuss the mechanism of
the transitions in details from the results for the polycrystalline
samples as stated above about the transitions for DyAg. It 1s neces-
sary to examine the magnetizatlion process for the single crystalline
sample to make clear the nature of the field induced transitions for
the present compounds. The preparation of the single crystals are now
in progress.
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