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Decoupling of the magnetic ordering of the rare-earth and the Co sublattice
in Er 12xYxCo2 compounds driven by substitution or pressure
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The thermodynamic and transport properties of the Er12xYxCo2 system were studied in the concentration
range 0.0<x<1.0. In this system, the first-order magnetic phase transition observed in ErCo2 at TC532 K is
related to the itinerant electron metamagnetism of thed subsystem~Co sublattice! driven by the onset of
magnetic ordering within the Er sublattice. By employing magnetic, specific heat, thermal expansion, and
resistivity measurements we show that in a limited concentration rangexcr8,x,xcr and pressurePcr8,P
,Pcr the itinerant Co sublattice orders magnetically atTC

Co, which is lower thanTC
R of the Er sublattice. This

is referred either to a weakening of the effective molecular field acting on the Co sites owing to the yttrium
subsititution or to a pressure-driven increase of the critical field necessary to induce a magnetic moment on the
Co sites. On further increasing the yttrium concentration or the pressure only the Er sublattice exhibits long-
range order. The theoretical calculations within the molecular field approximation are in agreement with the
experimental magneticx-T phase diagram of the Er12xYxCo2 system and confirm the effect of a separate
ordering of the magnetic sublattices with reasonable parameters used for the intrasublattice Er-Er and inter-
sublattice Er-Co exchange interactions. A field-induced collapse of the Co moment, inverse itinerant electron
metamagnetism, is well observable by magnetoresistance measurements at appropriate values of concentration
and external pressure. The existence of itinerant electron metamagnetism in the Co sublattice is found to be
limited in temperature byT0, a characteristic temperature which is sensitive to substitution and pressure.
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I. INTRODUCTION

The cubic Laves phaseRCo2 compounds (R5rare earth!
have been a subject of numerous investigations owing
instability of the Co magnetic state. Compounds with no
magneticR ~Y, Lu! are exchange-enhanced paramagn
whereas in thoseRCo2 whereR is a magnetic rare earth
cobalt moment of about 1mB appears in the ordered state1

YCo2 and LuCo2 show a field-induced first-order transitio
from a paramagnetic to a ferromagnetic state at aroundHcr
'70 T.2,3 This phenomenon, a field-induced first-order ma
netic transition in an itinerant electron system, also known
itinerant electron metamagnetism~IEM!, was first predicted
by Wohlfarth and Rhodes4 for compounds having a highly
enhanced Stoner factor and exhibiting a strong energy
pendence of the density of states along with a positive c
vature in the vicinity of the Fermi level. These conditions f
IEM to occur are fulfilled for nearly ferromagnetic YCo2 and
LuCo2 as was shown by band structure calculations.5

The first-order magnetic phase transition atTC observed
in ErCo2 , HoCo2 and DyCo2 is also ascribed to the meta
magnetic behavior of the Co moments, which are magnet
by the internal magnetic fieldH f d

Co provided by the rare-earth
moments

H f d
Co}I f d~gJ21!JR , ~1!
PRB 610163-1829/2000/61~2!/1198~13!/$15.00
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wheregJ is the Lande´ factor associated with the total angul
momentumJR of the respectiveR element andI f d is the
exchange coupling constant. When plotting the Co mom
as a function of (gJ21)JR for the heavyRCo2 series, the
metamagnetic behavior ofMCo can clearly be revealed.2,6–8

H f d
Co was found to exceed the critical field of the metama

netic transition,Hcr , for all the magneticR except for Tm
~the contribution of thed-d exchange interaction to the tota
molecular field acting on the Co sublattice can be neglec
in this series!.9

Many striking effects were realized in theRCo2 com-
pounds when varying the internal parameters. The subs
tion of R by Y or Lu results in a reduction ofH f d

Co and a
number of studies were concentrated on the properties
R12xYxCo2 andR12xLuxCo2 systems around the concentr
tion whereH f d

Co'Hcr .
7,10–18 These studies revealed that fo

R5Er, Ho, and Dy the transition atTC changes from a first-
order towards a second-order type at a critical concentra
x5xcr8 . Above this Y concentrationH f d

Co,Hcr at T5TC,
which is now the Curie temperature of theR sublattice only
(TC

R). On further cooling,H f d
Co may still exceedHcr . In that

case a second magnetic phase transition shall take p
where a magnetic moment is induced at the Co sites (TC

Co).
Due to the metamagnetic character of the Co ordering,
second magnetic phase transition should be of a first-o
1198 ©2000 The American Physical Society
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type. With further Y substitutionTC
Co shall tend towards zero

at another critical concentrationxcr , above which only theR
sublattice will show long-range magnetic order. Therefo
within a limited concentration rangexcr8,x,xcr a separate
ordering of the two magnetic sublattices can be anticipate10

Finally, on further increasing the Y content even long-ran
magnetic order within theR sublattice breaks down.

Although the effect of substitution was, e.g., studied
detail in the Er12xYxCo2 system by Levitinet al.,10 Duc
et al.,12 and Baranovet al.13–15 by means of transport an
thermodynamic measurements, the existence of such
distinct magnetic phase transitions has not been reporte
to now for RCo2 compounds. All the data obtained we
discussed with respect to a single magnetic phase transi
However, neutron diffraction measurements on this se
revealed a coexistence of long-range and short-range ord
a limited concentration range.13 In recent NMR measure
ments on Er12xLuxCo2 broad NMR peaks were observe
consisting of two resonance signals, which can sugge
coexistence of both high and low Co moments in a cert
range of Lu content.18

Concerning the pressure effect on IEM, the experimen
data are very limited. Based on an expansion of the f
energy, which also takes into account the presence of
fluctuations, Yamada was able to show thatHcr(P) has to
increase with increasing pressure.19,20 Furthermore, Yamada
showed that metamagnetism finally disappears beyon
critical pressurePcr . In the case of YCo2 a critical pressure
for IEM of about 10–50 kbar was proposed atT50, depend-
ing on the set of parameters used.20 He could also show tha
the possibility for IEM is limited in temperature by a cha
acteristic temperatureT0; i.e., there exists a temperatu
above which the field-induced metamagnetism vanishes.

Assuming thatH f d
Co is not much affected by pressure an

that H f d
Co'Hcr at T5TC, there shall exist a critical pressur

Pcr8 for a change in the character of the magnetic ph
transition due to the pressure dependence ofHcr . Thus, ex-
ternal pressure provides an alternative way for driving
itinerant d electron subsystem towards magnetic instabil
By pressure tuning one can also reach the balance for w

Hcr~P,0!,H f d
Co,Hcr~P,TC!. ~2!

In this particular case, it can be anticipated that starting fr
a compound which shows a single first-order magnetic tr
sition (TC

R5TC
Co), within a limited pressure range the C

sublattice will order magnetically at a temperature well se
rated from that of the magnetic ordering temperature of thR
sublattice.

Of particuliar interest is also the possibility of invers
IEM and its dependence on substitution or pressure. As
Co moments are coupled antiparallel to those of the heavR
ions, an external magnetic fieldHext points opposite to the
direction of the Co moments, which are smaller in magnitu
than theR moments. Therefore, above a certain value of
applied magnetic field given by

H f d
Co2Hext<Hcr , ~3!

a sudden collapse of the itinerant Co moment can be
pected. This can be treated as an inverse metamagnetic
sition at Hext5H inv . This phenomenon was first discuss
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and observed by Levitinet al.10 for Er12xYxCo2 and recently
also found for Er12xLuxCo2 by Bartashevichet al.18 In the
case of ErCo2 the inverse metamagnetism was detected
H inv552 T.

In the present work we have studied in detail the ser
Er12xYx Co2, in which H f d

Co can be varied in a controlled
way by means of electrical resistivity, specific heat, therm
expansion, and magnetization measurements. Note that in
paramagnetic temperature range clear indications for
presence of strong spin fluctuations in theRCo2 compounds
are observed,21 which allows us to study the magnetic sta
of Co by transport measurements. The goal of the study
to observe experimentally some of the above-discussed
nomena mainly under pressure and to compare our res
with the theoretical calculations. Of particlular interest w
the region around the critical concentration for the onset
the Co magnetic moment~ca.x50.4) where the phase tran
sitions can be induced by comparatively low fields or ext
nal pressure.

II. EXPERIMENTAL DETAILS

Polycrystalline samples of Er12xYxCo2 were prepared by
high-frequency melting under protective argon atmosphe
A ratio of 1:1.93 has been chosen to avoid the formation
the magneticRCo3 phase. Subsequently a heat treatmen
800 °C during 14 days and under argon atmosphere has
applied.

The phase purity of the samples was proved by Deb
Scherrer photographs and x-ray diffraction (CrKa) measure-
ments. The lattice constants of the investigated compou
were determined by using a Siemens D500 diffractome
with Ge as an internal standard. Additionally, the samp
were checked by ac- and dc-susceptibility measurement

The temperature-dependent electrical resistivity was m
sured on bare-shaped samples in the range 1.5 K,T,300 K
by means of the conventional four-probe dc technique. S
cific heat was measured by a quasiadiabatic step-heat t
nique in the temperature range 1.5–100 K. Thermal exp
sion measurements were performed using a capacita
method from 4 K up toroom temperature. For magnetizatio
measurements up to 6 T a dcsuperconducting quantum in
terference device~SQUID! magnetometer was employed.

The temperature-dependent electrical resistivity was m
sured under hydrostatic conditions up to 16 kbar by mean
a liquid pressure cell, using a 1:4 ethanol-methanol mixtu
For higher pressures a Bridgman-type pressure cell was
ployed with pyrophyllite as gasket and steatite as press
transmitting medium. In this cell, for pressures less than
kbar, the pressure gradient along the measured sample
be as large as 10 kbar. However, on further increasing p
sure the conditions inside the cell improve and for pressu
more than 20 kbar a gradient less than 3 kbar was dedu
from the width of the superconducting transition of the le
manometer. The magnetoresistance data up to 8 kbar an
T and down to 0.5 K were obtained employing a Cu-B
pressure cell mounted inside a3He cryostat. Magnetization
measurements under hydrostatic pressures up to 13
were performed using an extraction-type magnetometer w
a high-pressure clamp made of Cu-Ti alloy in steady m
netic fields up to 9 T.
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III. EXPERIMENTAL RESULTS

A. Ambient pressure data

The temperature-dependent resistivity curvesr (T) of the
Er12xYxCo2 system forx<0.7 are shown in Fig. 1. For com
pounds withx<0.3, i.e., below the critical Y concentratio
for the onset of a Co moment, the Curie temperature (TC) is
revealed by a steplike discontinuity due to the metamagn
character of the itinerant electron subsystem. In this conc
tration region, the peculiar behavior inr (T) just above the
Curie temperature can be ascribed to short-range orde
fects existing in both the sublattices, which enhances
spin-density fluctuations in the Co sublattice due to thef-d
exchange coupling. Hence, a strong increase inr vs T is
observed when approachingTC from the paramagnetic tem
perature range. BelowTC both magnetic sublattices are o
dered and the spin fluctuations in thed subsystem becom
suppressed. For the compounds withx50.5, 0.6, and 0.7, in
which the Er sublattice only is ordered, the resistivity i
creases substantially on cooling when approachingTC and is
almost unaffected by the onset of magnetic order. The in
mediate compound Er0.6Y0.4Co2 shows a distinct behavior
Here magnetic ordering is indicated by a broad maximu
below which the drop inr (T) spreads over several kelvin
This curve combines the features characteristic for both
above described concentration regions.

The temperature variation of the specific heat,cp(T), and
the linear thermal expansionD l / l (T) of some selected com
pounds of the Er12xYxCo2 system are shown in Fig. 2. I
cp(T) a well-defined first-order phase transition is observ
only for x<0.3 as can be concluded from the symmet
shape of the respective anomalies. As the volume increa
TC is related to the magnitude of the induced Co mome
one can easily read from the thermal expansion data tha
onset of the Co moment occurs with the Er/Y substitution
the vicinity of x50.4. The weak anomaly incp recorded for
Er0.5Y0.5Co2 indicates the onset of magnetic order within t
diluted Er sublattice only. This is supported by just a sm
increase inD l / l on cooling. Er0.6Y0.4Co2 again shows a par
ticular behavior. Two separate maxima are resolved incp(T)
at T511 K and 14.5 K. In the case of the linear therm
expansion a transition is seen, which is smeared over
temperature interval between 16 and 11 K, but a consid
able volume effect is nevertheless observable.

FIG. 1. The temperature-dependent resistivityr (T) of
Er12xYxCo2 compounds forx<0.7.
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From the above data one can suggest that two sepa
magnetic phase transitions occur at least in Er0.6Y0.4Co2. In
order to reveal the nature of this phenomenon it is wor
while to compare the magnetic properties of the two co
pounds Er0.6Y0.4Co2 and Er0.7Y0.3Co2. The temperature de
pendence of the low-field magnetizationM (T) of these
compounds is shown in Fig. 3. The difference observed
M (T) for the field-cooled~FC! and zero-field-cooled~ZFC!
samples is accounted for by a coercivity of these compou
as well as the domain structure. In Er0.7Y0.3Co2, the first-
order magnetic phase transition is well developed and ta
place within a few tenths of a degree. Almost no hysteresi
observed on heating and cooling throughTC as can be seen
from the inset in Fig. 3~a!. In contrast, for Er0.6Y0.4Co2 the
increase of magnetization is smeared out over several
grees. TheM vs T curves for a FC regime at 1 mT show tw
steps, indicating two distinct magnetic phase transitions
narrow hysteresis for the lower transition can also be
served@see the inset in Fig. 3~b!#.

The temperatures of the two magnetic phase transiti
found in Er0.6Y0.4Co2 are compared with that of Er0.5Y0.5Co2
in Fig. 4, where the temperature derivative of the electri
resistivity (]r/]T) and the linear thermal expansion coef
cient (a) are plotted together. In this presentation, the t
transitions observed in Er0.6Y0.4Co2 can also be resolved b
thermal expansion measurements. The sharp maximum a
K in a (T) goes along with a first-order phase transitio
whereas the steplike behavior around 14.5 K points to
second-order phase transition. The first-order type of
low-temperature transition is also in agreement with the h
teresis observed inM (T) at 1 mT centered around 11 K@see
the inset in Fig. 3~b!#. Thus, for x50.4 the Er sublattice
orders at a higher temperature (TC

R514.5 K! than the Co
sublattice, which undergoes a separate magnetic trans
due to its metamagnetic behavior (TC

Co511 K!. Note that

FIG. 2. The temperature-dependent specific heatcp(T) ~a! and
linear thermal expansionD l / l (T) ~b! of Er12xYxCo2 compounds
with x50, 0.3, 0.4, and 0.5.
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PRB 61 1201DECOUPLING OF THE MAGNETIC ORDERING OF THE . . .
]r/]T also allows us to determine bothTC
R and TC

Co by a
minimum and a sharp maximum, respectively. In contra
for Er0.5Y0.5Co2 the combined analysis of the thermod
namic and transport data implies one single magnetic ph
transition atTC512.5 K due to the Er sublattice solely
These results place the critical concentration for vanish
long-range Co ordering within the concentration range
,xcr,0.5.

FIG. 3. The thermomagnetic curvesM (T) of Er0.7Y0.3Co2 ~a!
and Er0.6Y0.4Co2 ~b! at 10 mT measured on heating. Open and so
symbols denote measurements on zero-field-cooled~ZFC! and
field-cooled~FC! samples, respectively. The insets show the m
netization around the magnetic ordering temperatures for an e
nal field of 1 mT on both heating and cooling.

FIG. 4. The thermal expansion coefficienta(T) and]r/]T vs T
of Er0.6Y0.4Co2 ~a! and Er0.5Y0.5Co2 ~b! as a function of tempera
ture.
t,

se

g
4

Figure 5 displays the longitudinal magnetoresistance
Er0.7Y0.3Co2 and Er0.6Y0.4Co2. The measurements reveale
an irreversible change in the low-temperature resistivity a
the application of a moderate field less than 1 T for com-
pounds with 0.4<x<0.8 ~owing to the change in the domai
structure!. The initial value is only recovered after heatin
throughTC and subsequent zero-field cooling. Neverthele
Dr/r was found to be reproducible for further magnetizati
cycles. For the sake of clarity we only present those d
recorded after the initial magnetization cycle. At tempe
tures where both the magnetic sublattices are ordered,
magnetoresistance increases steadily along with the mag
field owing to the antiparallel coupling of the localized E
and the induced itinerant Co moments, which causes a
gressive demagnetization of the latter sublattice. If the ex
nal field is high enough to satisfy Eq.~3!, the itinerant Co
sublattice must undergo an inverse metamagnetic trans
at Hext5H inv . As a consequence,Dr/r shall increase due to
the growing spin-fluctuation scattering. Since forx50.3 the
critical field for inverse IEM is of about 20 T, as shown b
magnetostriction measurements,10 such a behavior is no
covered by the field range available. In Er0.6Y0.4Co2, in con-
trast, a drastic increase of magnetoresistance takes pla
low temperatures near to 6.5 T@Fig. 5~b!#. A narrow hyster-
esis is observed around this field-induced anomaly, confi
ing the first-order type of the transition.H inv is broadened
over several teslas and is weakly dependent on tempera
its value reduces toH inv54 T with increasing temperatur
up to TC

Co.
According to Yamada’s theory,19,20IEM is limited in tem-

perature by a characteristic temperatureT0. For x50.3 and
0.4 the value ofT0 can be read off from the above data. F
Er0.3Y0.7Co2 , Dr/r yields a sharp drop aboveTC @Fig. 5~a!#,

-
r-

FIG. 5. The magnetoresistanceDr/r of Er0.7Y0.3Co2 ~a! and
Er0.6Y0.4Co2 ~b! at selected temperatures. Note the hysteresis
served for increasing and decreasing magnetic field which, e.g
indicated by respective arrows forT50.5 K.
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in agreement with the isothermal magnetization data
ErCo2 and magnetoresistance data on Er12xYxCo2 by Ale-
ksandryanet al.,11 confirming the metamagnetic behavior
the paramagnetic range. This steplike anomaly is sme
out for T.23 K, which can be considered asT0 for x
50.3. In Er0.6Y0.4Co2 the magnetoresistance decreas
monotonically in the paramagnetic range without any furt
sign for inverse IEM. As the isothermal magnetization sho
a metamagnetic behavior up to 12 K, it is supposed that
this compoundT0 lies between the two ordering temper
tures:TC

Co,T0,TC
R . Table I gives some of the characterist

parameters of the Er12xYxCo2 compounds. The magnetic o
dering temperatures deduced from]r/]T vs T and from the
thermodynamic measurements are in good agreement
each other and with those reported by Levitinet al.,10 Duc et
al.,12 and Baranovet al.13–15T0 is defined as the temperatu
up to which a metamagnetic behavior is observed by
magnetoresistance measurements.H inv denotes the critica
field for inverse IEM, r0 is obtained from the low-
temperature resistivity atT51.5K, g equals the linear
term in cp(T) and mCo5MCo/2 is derived from DV/V
5(vs5)kCmCo

2 wherekC is the magneto-volume couplin
coefficient. The values forvs were obtained usinga(T) of
YCo2 as a nonmagnetic reference material and
kC•••8.1431023 mB

2/Co21.8 The induced itinerant mo
ments thus estimated forx<0.4 are in good agreement wit
those found in Refs. 10 and 12 and those directly measu
by neutron diffraction measurements.13 Note thatr0 and g
start to increase forx50.3 and reach maximum at aboutx
50.5. Part of these values have been taken from
literature.10,12,16,14,15,13

B. Pressure data

1. Electrical resistivity

The pressure-dependent resistivity of ErCo2 at low tem-
peratures~recorded on heating! is given in Fig. 6. Figure 6~a!
displays data taken under hydrostatic conditions up to
kbar. The pressure-dependent variation of the magne
ordering temperature in this range yields]TC/]P520.8
K/kbar. No clear change in the type of the transition is o
served up to 16 kbar. This variation ofTC vs P is given in the
inset of Fig. 6~a! by solid symbols.

TABLE I. Experimental values of thermodynamic and transp
data of Er12xYxCo2 compounds. The magnetic ordering tempe
tures of the Er12xYxCo2 compounds as deduced from thermod
namic and resistivity measurements.

TC TC
R TC

Co T0 mCo g r0 H inv

~K! ~K! ~K! ~K! (mB) ~mJ/mol K! (mV cm) ~T!

x50.0 32 47 0.97 40 2 52
x50.1 28.9 0.92 — 3
x50.2 23.7 27 0.80 38 6
x50.3 18.5 23 0.65 57 11 20
x50.4 14.5 11 13 0.48 87 21 6.5
x50.5 12.5 0.22 204 64
x50.6 10.0 155 52
x50.7 7.5 125 28
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Figure 6~b! shows the results obtained by means of
Bridgman high-pressure cell up to 60 kbar. Owing to t
pressure gradient inherent to this type of cell, the first-or
phase transition of ErCo2 appears to be ‘‘smeared out’’ ove
several degrees. Therefore, one neither can give the e
value for one single~smeared first-order or second-orde!
phase transition nor can even detect a possible splitting
two distinct magnetic phase transitions. Nevertheless, c
sidering the pressure variation of a characteristic point at
drop in r (T) as a measure forTC vs P, a weak pressure
dependence is obtained for pressures above 20 kbar@open
symbols in the inset of Fig. 6~a!#.

The pressure-dependent resistivity of two compoun
with an ordered Co sublattice, Er0.8Y0.2Co2 ~a! and
Er0.7Y0.3Co2 ~b!, is given in Fig. 7. As for ErCo2, in
Er0.8Y0.2Co2 the width of the steplike transition does n
change significantly at low pressures. This transition
comes reduced in height and the value of the lo
temperature resistivity increases weakly forP.5 kbar. As
was shown above, the splitting of the transition temperatu
can be revealed considering the temperature derivative o
resistivity. An analysis of]r/]T indicates~see the insets!
that in Er0.8Y0.2Co2 a splitting into two magnetic phase tran
sitions occurs above about 10 kbar. For Er0.7Y0.3Co2, the
joint magnetic ordering of the two sublattices occurring
TC518.5 K was found to become split into two distinct tra
sitions at very low external pressure~less than 1 kbar!.

Figure 8 shows the pressure-dependent resistivity
Er0.6Y0.4Co2 ~a! and Er0.5Y0.5Co2 ~b!. In Er0.6Y0.4Co2, the
intermediate compoundTC

Co vs P can be traced unambigu
ously only for pressures up to 1.5 kbar, yielding]TC

Co/]P
522.5 K/kbar. ForP>3 kbar the drop of resistivity ex-

t
-

FIG. 6. The temperature-dependent resistivity ofr (T) ErCo2

for pressures up to 60 kbar measured under hydrostatic~a! and
quasihydrostatic~b! conditions. The inset shows the pressure d
pendence of the respective magnetic ordering temperatures~see
text!.
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tends over a wide temperature range and its width in te
perature does not change on further increasing press
However, the hump in resistivity decreases progressivel
behavior which was also observed at considerably hig
pressures for ErCo2. On the other handTC

R vs P can be traced

FIG. 7. The temperature-dependent resistivityr (T) of
Er0.8Y0.2Co2 ~a! and Er0.7Y0.3Co2 ~b! for pressures up to 15 kbar
The insets show]r/]T vs T for selected values of pressure, ind
cating the splitting of the combined ordering of the two magne
sublattices above a certain value of pressure.

FIG. 8. The temperature-dependent resistivityr (T) of
Er0.6Y0.4Co2 ~a! and Er0.5Y0.5Co2 ~b! for pressures up to 15 kbar
The inset showsr (T) aroundTC

R which is indicated by a kink.
-
re.
a

er

well from a kink in r (T), thus giving ]TC
R/]P520.35

K/kbar. Note thatTC
R can also be revealed by differentiatio

~see Fig. 4 and the insets of Fig. 7!. In Er0.5Y0.5Co2 where
only theR sublattice orders magnetically,TC5TC

R5 12.5 K
is again indicated by a small kink inr vs T in agreement
with thermodynamic measurements. Tracing the anomal
]r/]T vs T as a function of pressure yields]TC/]P
520.27 K/kbar for this compound.

2. Magnetoresistance

The pressure dependence of IEM can be studied wel
magnetoresistance measurements. In Fig. 9 the results
Er0.7Y0.3Co2 and Er0.6Y0.4Co2 are given atT50.5 K. In the
former compound,H inv'20 T at ambient pressure. How
ever, its value strongly decreases under pressure due to
increase ofHcr , and above 5 kbar IEM can be observed
fields below 12 T. In Er0.6Y0.4Co2 (H inv56.5 T at ambient
pressure!, H inv decreases with increasing pressure and
duces to zero above 1.5 kbar. ForP>3.5 kbar the Co sub-
lattice does not reveal any long-range magnetic order,
Dr/r shows a weak negative deviation only. The press
dependence ofH inv for both the compounds is shown in th
inset of Fig. 9, yielding]H inv /]P521.8 and23 T/kbar for
x50.3 and 0.4, respectively.

In Figs. 10 and 11, the magnetoresistance of Er0.7Y0.3Co2
is shown under 1.5, 3.5, 5, and 8 kbar pressures at var
temperatures. At 5 and 8 kbar the behavior of Er0.7Y0.3Co2 is
very similar to that revealed by the intermediate compou
Er0.6Y0.4Co2 under ambient pressure. The value ofH inv for
inverse IEM decreases with increasing temperature. A
kbar a smeared transition centered near 2 T can also be de-
tected at 16 K, i.e., within the temperature intervalTC

Co

513.5 K,T,TC
R516.7 K, which is now associated wit

c

FIG. 9. The magnetoresistanceDr/r0 of Er0.7Y0.3Co2 ~a! and
Er0.6Y0.4Co2 ~b! at T50.5 K for pressures up to 8 kbar. The inse
show the pressure dependences of the inverse field for IEM,H inv .
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the onset of the Co magnetic moment due to the positive
of the ]TC

Co/]H derivative. This indicates that the limitin
temperature up to which IEM occurs is easily reduced w
pressure. One can deduce from these data 12 K,T0,16 K
for Er0.7Y0.3Co2 at 5 kbar. At 8 kbar,T0'11 K was found.
Above that temperature no sign of a metamagnetic beha
is observed.

The magnetoresistance of Er0.6Y0.4Co2 for P51.5 and 3.5
kbar is shown in Fig. 12. At 1.5 kbar weak indications f

FIG. 10. The magnetoresistanceDr/r of Er0.7Y0.3Co2 at 1.5~a!
and 3.5 kbar~b! at various values of temperature.

FIG. 11. The magnetoresistanceDr/r of Er0.7Y0.3Co2 at 5 ~a!
and 8 kbar~b! at various values of temperature.
n

h

or

IEM are observed around 2–3 T belowT,8 K, which are
related to the onset of the Co moment. This differs for 3
kbar where the Er sublattice only shows long-range or
(H fd

Co,Hcr in the ground state!. Here and for higher values o
pressure no further indication of IEM is observed down
T50.5 K. At elevated temperaturesDr/r is continuously
negative forT,TC

R and yields a positive increase at lo
fields for T.TC

R . For x50.4 we obtain ]T0 /]P522
K/kbar.

3. Magnetization

Figure 13 displays the temperature-dependent magne
tion M (T) of Er0.7Y0.3Co2 and Er0.6Y0.4Co2 measured unde
various values of pressure in low magnetic fields~only zero
field-cooled data are presented!. Only TC

R vs P can be de-
duced from these data. In order to resolveTC

Co considerably
lower fields of about 1 mT are required~compare with Fig.
3!. At low fields, however, the signal from the sample cann
be separated with the due accuracy from that of the pres
cell. The pressure variation ofTC

R was derived from that tem
perature whereM (T) decreases most rapidly on heating a
is shown in the insets of Fig. 13. These values are in g
agreement withTC

R obtained from the resistivity data taken
zero field.

The pressure-dependent magnetization curvesM (H) at
4.2 K of Er0.6Y0.4Co2 and Er0.7Y0.3Co2 are shown in Fig. 14.
In order to resolve better the pressure effect on the Co
ment only the saturation region above 1 T is displayed. In
Er0.6Y0.4Co2, the ambient pressure magnetization curve
characterized by a more rapid increase above 5 T. This
havior can be accounted for by the inverse IEM process
is in agreement with the magnetoresistance data@Fig. 5~a!#
where the critical field for IEM was determined as 6.5
Thus from Fig. 14 it follows that the Co sublattice becom

FIG. 12. The magnetoresistanceDr/r0 of Er0.6Y0.4Co2 at 1.5~a!
and 3.5 kbar~b! at various values of temperature.
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disordered in this compound above 2.6 kbar. The chang
M vs P is primarily attributed to the pressure dependence
mCo, yielding ]mCo/]P'2 1

2 ]M /]P520.013 mB /kbar.
Note that the metamagnetic transitions observed are sub
tally extended over a field range of several teslas. The sm
ing occurs owing to the large anisotropy of these compou
due to the Er sublattice.

In contrast to the former sample, the magnetization cur
of Er0.7Y0.3Co2 do not interfere up to 9 T for various value
of pressure. ForP58 kbar, magnetoresistence data exhi
inverse IEM near to 6 T at 4.2 K@see Fig. 11~b!#. The inset
in Fig. 14 displays a nonmonotonic slope ofM (H) in the
field range between 5 and 9 T for Er0.7Y0.3Co2 with a maxi-
mum at 7.6 kbar. The maximal value of]mCo/]P is equal to
that of Er0.6Y0.4Co2 at ambient pressure~in which inverse
IEM occurs at 6.5 T!. It was therefore concluded that atP

FIG. 13. The temperature-dependent magnetizationM (T) of
Er0.7Y0.3Co2 ~a! and Er0.6Y0.4Co2 ~b! at H50.1 and 0.05 T, respec
tively, under various values of pressure. The inset shows the p
sure dependence of the magnetic ordering temperaturesTC

R andTC
Co

~open and solid symbols! as deduced from resistivity~circles! and
magnetization measurements~squares!.
in
f

an-
ar-
s

s

t

57.6 kbar inverse IEM of the Co sublattice occurs also
Er0.7Y0.3Co2 in the field range between 5 and 9 T~in accor-
dance with the magnetoresistence data!. Nevertheless, due to
the reduction of the Co sublattice magnetization under p
sure along with the smearing effect, no crossover is obser
in this field range at the transition.

Table II summarizes the initial pressure dependences
the characteristic temperatures of Er12xYxCo2 deduced from
a linear fit to the data at low pressures. The values for
different Grüneisen parameters VTC

52] ln TC/] ln V

~which equalsVT
C
R when both types of magnetic order a

well separated in temperature!, VT
C
Co, andVT0

were deduced

by using the values ofkS50.92 and 1.2 Mbar21 for ErCo2

and YCo2, respectively,22 and by interpolation among them
The values deduced forVTC

are one order magnitud

larger than those, e.g., known for the isostructuralRAl2 com-
pounds (VTC

'4), where only theR sublattice orders

FIG. 14. The field-dependent magnetizationM (H) of
Er0.7Y0.3Co2 ~a! and Er0.6Y0.4Co2 ~b! at T54.2 K under various
values of pressure in an extended view. The inset shows the p
sure dependence of]mCo/]H as obtained from the high-field slope
s-
TABLE II. The initial slopes of the pressure dependence ofTC (TC
R), TC

Co, andT0 are estimated from a
linear fit to the first data points.VTC

, VT
C
Co, andVT0

are deduced by interpolating between the values ofkS

for ErCo2 and YCo2 given by Ref. 22. For the determination ofPcr andPcr8 see the text.

]TC /]P VTC
]TC

Co/]P VT
C
Co ]T0 /]P VT0

Pcr Pcr8
~K/kbar! ~K/kbar! ~K/kbar! ~kbar! ~kbar!

x50.0 –0.8 –27 17 23
x50.1 –1.0 –29 10
x50.2 –0.85 –31 6
x50.3 –0.45 –26 –1.1 –63 –1.3 –62 ,1 8
x50.4 –0.35 –25 –2.5 –240 –2.0 –151 ,3
x50.5 –0.27 –22
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1206 PRB 61R. HAUSERet al.
magnetically.23 VTC
increases up tox50.3 whereTC

R'TC
Co

and decreases for concentrations where Co ordering is
stable. Obviously, the exceptionally high values forVT

C
Co

reflect the instability of the itinerant moment against pr
sure.

IV. DISCUSSION

A. Effect of substitution

As the electrical resistivity is sensitive to the magne
scattering, this property allows us to study the effect of d
order among the magnetic sublattices, especially the br
down of long-range magnetic order within the Co sublatt
~itinerant d-electron subsystem!. The impact of disorder on
the resistivity is well reflected in the change ofr (T). When
long-range magnetic order occurs in the Er sublattice
Heff

Co exceedsHcr , the spin fluctuations in thed subsystem are
suppressed. For concentrations belowxcr8 this results in a
sharp drop in the resistivity atTC. Very characteristic is the
strong increase ofr (T) when approachingTC from the para-
magnetic region, which is enhanced whenx'xcr8 , the criti-
cal concentration for the splitting of the single magne
phase transition into two~cf. Fig. 1!. Here the presence o
both short-range order within the Er sublattice and enhan
critical spin fluctuations within the itinerantd subsystem
gives rise to strong scattering of the conduction electron

Owing to the substitution of Er by Y,H f d
Co decreases in

Er12xYxCo2, resulting in different magnetic-concentratio
dependent ground states. The concentration variation of
transport, magnetic, and thermodynamic quantities allow
to identify three different regimes.

~i! Up to x50.3 there exists only one single magne
phase transition in this system, which is of a first-order ty
In this region, the itinerant sublattice orders magnetica
concomittant with the Er sublattice (TC5TC

R5TC
Co). The

value of the induced Co moment, which is related to
spontaneous volume magnetostriction, decreases pro
sively with decreasingH f d

Co.
~ii ! In the intermediate-concentration region, two separ

magnetic phase transitions are present. In the case
Er0.6Y0.4Co2 a first-order-type transition occurs atTC

Co511 K
and a second-order one atTC

R514.5 K. The data collected in
Table I show that the induced moment on the Co sites dr
down from roughly 1mB in ErCo2 to '0.6mB in
Er0.6Y0.4Co2.

~iii ! On further dilution by Y (x>0.5), the Er sublattice
only undergoes a magnetic phase transition (TC5TC

R). How-
ever, the itinerantd subsystem is still affected by the molec
lar field provided by the intersublattice Er-Co exchange
teraction.

The magneticx-TC phase diagram in Fig. 15 summariz
the concentration dependence of the magnetic ordering
peratures of the Er12xYxCo2 system. A theoretical treatmen
of this diagram can be done within the molecular fie
approximation.10 Neglecting the crystal field effect on theR
sites, the magnetization of theR sublattice reads as

HR5~12x!NgJmBJRBJS gJmBJR

kT
Heff

R D , ~4!
n-

-

-
k-

e

d

d

he
s

.
y

e
es-

te
of

s

-

m-

where

Heff
R 5Hext1lRRMR1lRCoMCo, ~5!

and lRR and lRCo are the respective molecular field coef
cients. All the other symbols in Eq.~4! have their usual
meanings. Here we takeMCo.0 whenMCo is oriented op-
posite to MR and Hext and, since the intersublatticeR-Co
interaction is negative,lRCo.0.

For the present analysis the Co sublattice magnetiza
can be approximated as

MCo5xdHeff
Co for Heff

Co,Hcr ,

MCo5MCo
(0)1xd~Heff

Co2Hcr! for Heff
Co.Hcr , ~6!

where

Heff
Co5lRCoMR2Hext, ~7!

MCo
(0) is the Co sublattice magnetization at 0 K, andxd is the

susceptibility of the itinerantd subsystem. WhenHeff
Co<Hcr

at T5TC, the magnetic transition is of second-order typ
and one can write

MR5~12x!
C

T
Heff

R . ~8!

for T.TC with

C5
NgJ

2mB
2JR~JR11!

3k
. ~9!

Hence, forTC
R one obtains

TC
R5~12x!

NgJ
2mB

2JR~JR11!

3k
~lRR1lRCo

2 xd!. ~10!

Considering thatHeff
Co5Hcr at T5TC

Co, TC
Co is related tox by

Hcr

~12x!lRCo
5NgJmBJRBJFgJmBJR

kTC
Co S lRRHcr

lRCo
1lRCoMCo

(0)D G .

~11!

FIG. 15. The magnetic phase diagram of the Er12xYxCo2 com-
pounds as a function of concentrationx. Dashed-dotted, dashed, an
solid lines represent first- and second-order phase boundariesT0

limits the temperature range up to which IEM is possible~dotted
line; see the text!.
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Equations~10! and ~11! were applied to Er0.6Y0.4Co2 with
TC

Co511 K and TC
R514.5 K. Using the parameters fo

YCo2 @xd51.7831023 emu/mol,24 MCo
(0)51 mB/f.u., Hcr

575 T ~Ref. 2!# and taking for Er31 ion JEr515/2 and
gJ56/5 the following values of the molecular field coeffi
cients were obtained:

lErEr50.92 emu/mol and lErCo526.25 emu/mol.

The critical concentrationxcr50.43 for TC
Co50 was then

found from the condition

xcr512
Hcr

NgJmBJErlErCo
, ~12!

which follows from Eq. 7. Above this concentration, the C
sublattice remains paramagnetic in Er12xYxCo2 at any tem-
perature. The second critical concentrationxcr8 at which the
ordering temperatures of the Er and Co sublattices star
split can be found from the condition

Hcr

lRCo
5~12xcr8 !NgJmBJRBJFgJmBJR

kTC
R S lRHcr

lRCo
1lRCoMCo

(0)D G .

~13!

Using the above numerical values one findsxcr8 50.37.
The value oflErCo derived from the Curie temperatues

Er0.6Y0.4Co2 gives HErCo
Co 5132 T for the border compoun

ErCo2 and hence predicts the inverse IEM at 132275557 T
and reversal IEM at 1321755207 T. These critical fields
are well in agreement with direct magnetization measu
ments performed under ultrahigh pulse magnetic fields
ErCo2: 52 T ~Ref. 18! and 210 T~Ref. 25!. This analysis
shows that in Er12xYxCo2 the separate magnetic ordering
the Er and Co sublattices occurs in a very narrow concen
tion interval 0.37<x<0.43. This interval extends with in
creasing ratiolRR/lRCo.

The solid and dashed-dotted lines in Fig. 15 represent
second- and first-order phase boundaries, respectively
those concentrations where only one magnetic phase tra
tion takes place in Er12xYxCo2. The dashed line shows th
concentration dependence ofTC

Co in the region where 0
,TC

Co,TC
R . As can be seen, the concentration region fou

experimentally for the separate sublattice ordering is
agreement with predictions of the above-described mo
Solid circles indicate the estimated values forT0 ~the dotted
line is a guide for the eye!. Below this temperature a con
ventional itinerant metamagnetic behavior is observed ab
TC and inverse IEM belowTC. In the case of Er12xYxCo2
our data reveal a concentration dependence ofT0 ~see also
Table II!.

In order to compare the theoretical magnetic phase
gram of the Er12xYxCo2 system obtained with the use o
Eqs. ~10! and ~11! with the experimental one, the temper
ture variations ofHcr andMCo have to be taken into accoun
The deviations become essential above 20 K. Note that
H inv decreases with temperature consistent with
temperature-dependent increase ofHcr as proposed by the
spin-fluctuation theory of Yamada.19 The concentration de
pendence of the lattice parameter~from 7.1549 Å in ErCo2 to
7.2213 Å in YCo2) could also have some impact on th
to

-
n

a-

e
at
si-

d
n
l.

ve

a-

so
e

magnetic ordering temperatures since the change in the
teratomic distances is equivalent to pressure~either positive
or negative!. However, using a standard value of the co
pressibility for all the compounds of this system,k
'1 Mbar21,22 one can evaluate that the lattice expans
when completely replacing Er by Y is equivalent to a po
tive pressure as high as 25 kbar. As according to Yam
]Hcr /]P'12 T/kbar,19 this mechanism should also modif
Hcr essentially.26 E.g., a similar estimate shows that the d
ference in the lattice parameters between YCo2 and LuCo2
corresponds to a chemical pressure of about 42 kbar~the
values of Hcr are nevertheless very close in these co
pounds!.

Although the molecular field approach describes the m
details of the magnetic phase diagram given in Fig. 14
does not take into account the statistical inhomogeneitie
the molecular fields being important in the substituted co
pounds. These inhomogeneities affect the magnetic beha
of the sublattices in the vicinity of the phase transition. In t
intermediate compound Er0.6Y0.4Co2, both the low-
temperature resistivity and the electronic contribution to
specific heat are substantially enhanced with respect to
region 0<x<0.3. Bothr0 and g reach the maximum atx
50.4 and decrease on further Y substitution. This indica
that near the critical concentration the itinerantd subsystem
is not fully ordered belowTC ~long-range order is establishe
only inside clusters!. Consideringr0 andg as a measure fo
correlation effects among electrons in this particular co
pound, this can be referred toH f d

Co<Hcr at T5TC. The con-
sequence of strong correlations is the development of crit
spin fluctuations in thed subsysten whenTC

Co is shifted to-
wards zero, i.e., whenH f d

Co<Hcr at T50. At low tempera-
tures, the thermally induced spin fluctuations are small a
the renormalized properties observed are presumably du
longitudinal spin fluctuations when the criterion for a stab
induced moment is nearly fulfilled. The resulting fluctuatin
Co moments are strongly correlated and act as heavy sca
ers for conduction electrons even at lowest temperatures

However, the absolute value of the enhanced lo
temperature resistivity starts to drop asH f d

Co is further re-
duced with increasing Y content and the criterion for IEM
far from being fulfilled even atT50. This can be understoo
considering that the mean fluctuating moment at the Co s
is given by the exchange field, and the strength of the co
lation effects depends on the proximity to the critical con
tion for IEM. The existence of a not fully ordered state in t
Co sublattice can also be deduced from neutron diffract
studies. A substantial inelastic scattering was observed
this system at 4.2 K in the compounds withx.0.4, which
was attributed to short-range magnetic order within the
sublattice.13

This conclusion is also in agreement with the NMR me
surements performed on the isostuctural syst
Er12xLuxCo2.17 This study revealed a coexistence of bo
magnetic and nonmagnetic Co sites around the critical c
centration. The rise ing vs x near the critical concentration i
a further indication that the electronic state of thed sub-
system is a subject to changes. The magnetic origin of
low-temperature enhancement ofr (T) as well as the exis-
tence of clusters can be inferred from the resistivity measu
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ments: belowTC
Co the application of an external magnet

field results in an irreversible drop of the resistivity.
Finally we want to comment on the weak increase in

volume observed forx50.5 atT5TC which points to a mo-
ment of about 0.2mB present at the Co sites. This value co
responds to that directly measured forHext<Hcr in the case
of YCo2.2 As under this condition there do not exist stab
itinerantd moments the above value gives a measure for
mean fluctuating moment at the Co sites.

B. Effect of pressure

As follows from the values of]TC/]P, the pressure ef-
fect on the magnetic behavior of the Er12xYxCo2 compounds
is primarily related to the characteristics of the itinerand
subsystem. Therefore, Yamada’s model developed for th
RCo2 compounds with a nonmagneticR may also be rel-
evant in the case when the magnetic field acting at the
sites is provided by the rare earth molecular field.

In the case ofRCo2 compounds showing a first-orde
phase transition from a paramagnetic to a ferrimagnetic s
it can be expected that the magnetic phase transition
change towards a second-order type at a critical pres
given by the relationH fd

Co5Hcr(Pcr8 ,T
C
). Then, up to the nex

critical pressure whereH fd
Co5Hcr(Pcr,0) the two magnetic

sublattices will order separately. Clear evidence for suc
pressure-induced splitting of the magnetic ordering can
taken from the data on Er0.7Y0.3Co2, which show one first-
order type transition at ambient pressure. The pressure v
tion of TC

R for this compound is reflected by]r/]T vs T and
by a maximum in the slope ofM (T,P), whereas the separat
behavior ofTC

Co is given by the step inr (T). Note that also
the low-temperature resistivity starts to rise with pressu
reflecting the gradual increase of disorder in the Co sub
tice.

A further destabilization of the Co magnetic state occ
in Er0.6Y0.4Co2, where the properties at ambient pressure
semble those of Er0.7Y0.3Co2 at P'8 kbar. In the former
compoundTC

Co vanishes atP.2 kbar. The low-temperature
resistivity reaches a maximum forP58 kbar, thus giving the
upper limit for Pcr . On further raising pressure the low
temperature hump inr (T) diminishes progressively. Th
pressure induced magnetic disorder in the Co sublattice
also be traced when considering the pressure-depen
variation of ]MCo/]H ~see Fig. 14!. At 4 K, this quantity
crosses a maximum in Er0.7Y0.3Co2 at about 8 kbar, indicat-
ing that inverse IEM takes place in the field range 5–9
From the variation of the spontaneous magnetization w
pressure we deduce that the change in the magnetic mo
at IEM corresponds to about 0.5mB /f.u., a value which is
close to the measured jump of 0.54mB /f.u. obtained for
YCo2.2 Note also that the difference in the Co moment
x50.4 and 0.3 deduced from thermal expansion meas
ments yields 0.52mB /f.u. ~cf. Table II!.

In ErCo2, the evolution of ther (T) curves under pres
sure shows the same features as those of the substituted
pounds. The low-temperature resistivity increases gradu
under pressure with a maximum value at about 23 kb
above which the hump in resistivity diminishes. As was d
cussed in the above section,r0 as a function of concentratio
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reaches a maximum for the critical concentrationxcr where
TC

Co→0. The same conclusion can also be drawn from
pressure-dependent variation of this quantity, i.e., thatr0
peaks forPcr . From this comparision it is supposed that
ErCo2 the Co sublattice also orders separately in a narr
pressure range at about 20 kbar, while for higher press
the Er sublattice orders only. It is interesting to note that a
VT

C
Co and VT0

are exceptionally large forx50.4, which is

close toxcr and wherePcr'2 kbar, and that both values ar
close to each other.

A quantitative comparision with the spin-fluctuatio
theory given by Yamada can be done when considering
pressure variation of the critical field (]Hcr /]P'12
T/kbar! which is in a fair agreement with]H inv /]P521.8
and 23 T/kbar deduced for Er0.7Y0.3Co2 and Er0.6Y0.4Co2,
respectively. Furthermore, for ErCo2 taking the direct mea-
suredH inv552 T and the critical pressure for magnetic ord
of the Co sublatticePcr'23 kbar, one can roughly estimat
]H inv /]P522.3 T/kbar which is also in agreement with th
theory. Neglecting the pressure variation of the intersub
tice molecular fieldHErCo

Co and assuming that the paramete
of the itinerant subsystem are the same as in YCo2 through-
out the investigated series, the critical condition for t
‘‘splitting’’ of the transition temperatures can be written
the form

H f d
Co~TC,x!5Hcr~TC,P!. ~14!

This equation shows that the decrease ofH f d
Co by Y substitu-

tion acts in the same way as the increaseHcr by application
of pressure: in both the casesH f d

Co can be made smaller tha
Hcr . Considering Eqs.~10! and ~11! one can see that th
same conclusions hold also for the common Curie pointsTC

or TC
R). Thus, all the transition temperatures of the sub

tuted compounds under pressure correspond to different
ues of the ratioH f d

Co/Hcr .
This observation allows us to combine the pressure

pendent data of all the Er12xYxCo2 compounds as shown in
Fig. 16. Here, the various pressure-dependent characte
temperatures of the substituted compounds are positione
such a way that they match each other, thus resulting

FIG. 16. The magnetic phase diagram observed for Er12xYxCo2

as a function of pressureP. Dashed-dotted, dashed, and solid lin
represent first- and second-order phase boundaries.T0 limits the
temperature range up to which IEM is possible~dotted line; see the
text!.
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unified phase diagram~for ErCo2 we have only taken the
data obtained from the liquid-pressure cell measureme!.
The solid and dashed-dotted lines represent the second
first-order phase boundaries, respectively, andPcr and Pcr8
mark the respective critical pressures. The dotted line
lows the estimated values forT0. Note that closely related
phase diagrams have also been established from pres
dependent measurements on Fe2P, HfFe2, and CoS2, all
compounds exhibiting a single first-order magnetic ph
transition atTC.27–29 These compounds behave similaril
i.e., a pressure-induced splitting of the first-order type ph
transition in the same way as by substitution f
(Fe12xMnx)2P and (Hf12xTax)Fe2, and a pressure depen
dentT0 for CoS2.29–33

The phase diagram in Fig. 15 is plotted in a linear sc
with respect to pressure. As can be seen, in this case
concentration scale is not linear. Plottingx vs P one finds
that theTC(P) dependence corresponds toTC(x4/3). Since
the molecular fieldH fd

Co varies linearly in function ofx, this
gives, in particular, the pressure variation ofHcr proportional
to P4/3.

V. SUMMARY

Long-range magnetic order in the Er12xYxCo2 com-
pounds is driven by the Er sublattice, and the itinerand
subsystems orders when the critical condition for IEM
fulfilled. Either a single or two distinct magnetic phase tra
sitions are observed depending on the ratio ofH fd

Co/Hcr ,
which can be varied by temperature, pressure, and Er/Y
stitution. The presence of two magnetic phase transitio
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where the Er sublattice orders at temperatures higher
that of the itinerant Co sublattice, is limited with respect
both concentration and pressure. The theoretical anal
shows that the above behavior, a ‘‘splitting’’ of the magne
phase transition, is common for ferrimagnets with one u
stable magnetic sublattice.

In the proximity of the critical point, where the long-rang
magnetic order of the itinerant sublattice vanishes, large
ues of g and r0 are observed, which is caused by stro
critical spin fluctuations. These presumably longitudinal s
fluctuations arise when the condition for IEM is nearly fu
filled, i.e., H f d

Co<Hcr . Above this critical point only the Er
sublattice orders and bothg andr0 drop down.

Itinerant electron metamagnetism was found to be limi
by a characteristic temperatureT0 which is sensitive to both
concentration and pressure. Depending on the values oTC

R

and T0 either a conventional metamagnetic behavior is o
served for TC

R,T,T0 or inverse IEM occurs forT0,T
,TC

R . In the latter case the inducedd moment is destabilized
by an external field higher than the critical valueH inv .

The data obtained are well understood within the fram
work of the spin-fluctuation theory of Yamada. There
good agreement with the present experimental data and
merical values calculated within this theory.
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