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Suppression of simple antiferromagnetism in UNi2Si2 under high pressure

Fuminori Honda, Nobuaki Matsuda, and Gendo Oomi
Department of Mechanical Engineering and Materials Science, Kumamoto University, Kumamoto 860 8555, Japan
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UNi2Si2 appears successively in three magnetically ordered phases with decreasing temperature belowTN

5124 K. The intermediate phase, which exists in a temperature range of 43,T,103 K at ambient pressure
is the simple antiferromagnetic~AF1! phase. The temperature dependence of the electrical resistivity in this
compound shows distinct anomalies at related magnetic-phase transitions atTN , T1543 K andT25103 K.
We have measured the electrical resistance for current parallel to thec axis (i ic) in a UNi2Si2 single crystal
under high pressures up to 4.0 GPa. With increasing pressure,T1 increases andT2 decreases at rates of 8.6
K/GPa and21.3 K/GPa, respectively, which yields gradual shrinking of the temperature range of stability of
the AF1 phase. The critical pressure for suppression of simple antiferromagnetism in UNi2Si2 has been
determined as 3.2 GPa. On the other hand,TN seems to be almost pressure independent. From these results, a
more complete pressure-temperature magnetic phase diagram is constructed.
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UNi2Si2 crystallizes in the tetragonal ThCr2Si2 type struc-
ture, which consists of the U and Ni2Si2 layers alternating
along thec axis.1 This compound orders magnetically at 12
K in incommensurate longitudinal spin density wa
~ILSDW! propagating along thec axis. By decreasing tem
perature belowTN , it exhibits a second magnetic phase tra
sition atT25103 K to a simple body-centered antiferroma
netic ~AF1! state and finally atT1553 K it orders in a
uncompensated antiferromagnetic~UAF! state with q
5(0,0,2/3)2 (T1543 K according to Refs. 3 and 4!. Only U
magnetic moments are present in the UNi2Si2 ordered mag-
netic phases always parallel along thec axis and ferromag-
netically coupled within the basal plane. Coupling along
c axis varying with temperature then yields the differe
magnetic phases mentioned above.

Electrical resistivity is highly anisotropic, which reflec
anisotropy in coupling of U moments. The three distin
anomalies in the resistivity (r) along thec axis can be asso
ciated with the magnetic phase transitions, which makes
sistivity measurements particularly suitable for pressu
induced effects on magnetic phase transition temperatur5

Recently suppression of the AF1 phase with a criti
pressure of;2.4 GPa has been predicted based on the e
trical resistivity measurements up to 1.2 GPa.6 On the other
hand, linear extrapolation ofT1(p) andT2(p) obtained from
our previous measurements under pressures up to 2.2
led us to a conclusion that the AF1 phase is to vanish
about 4 GPa.4
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In the present work, we have measured the electrical
sistance of UNi2Si2 along thec axis under high pressures u
to 4 GPa in order to determine the stability of these magn
phases at high pressure and construct ap-T magnetic phase
diagram of this compound.

The single crystal of UNi2Si2 was grown by means of the
triarc Czochralski technique. The sample cut parallel to
crystallographicc axis was used for electrical resistivit
measurements withi ic. Measurements under high pressur
up to 2.2 GPa using a Cu-Be piston cylinder device w
performed at Kumamoto University.7 Above 2.0 GPa, the
experiment was carried out at ISSP, the University of Tok
using a cubic anvil-type high-pressure cell.8 In both cases,
the pressure transmitting medium was a 1:1 mixture of Fl
rinert FC70:FC77. The electrical resistivity was measured
means of a dc four-probe method with electrical current
plied parallel to thec axis. The sample dimensions we
1.230.330.2 mm3 in the low-pressure (p<2.2 GPa) ex-
periment and 0.730.130.1 mm3 for the high-pressure (p
>2.0 GPa) study. The samples were cut into the bar al
the c axis.

The temperature dependence of the electrical resisti
from two experiments is shown for selected pressures
Figs. 1~a! and 1~b!, respectively. The inset shows a tempe
ture derivative of electrical resistivity in heating process
ambient pressure. Above 130 K, ther(T) curve exhibits a
gradual upturn with decreasing temperature at all pressu
i.e., dr/dT is negative. BelowTN , the resistivity starts to
11 267 ©2000 The American Physical Society
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decrease due to the magnetic ordering~ILSDW! and dr/dT
vs T dependence has a shoulder atTN . As temperature de
creases, the resistivity drops suddenly atT25103 K. This is
connected with order-order magnetic phase transition fr
ILSDW to the simple AF1 phase and reflects the drama
change of the periodicity of the magnetic structure along
c-axis. The temperature of this phase transitionT2 can be
easily determined owing to a spike in the dr/dT vs T plot.

The phase transition from the AF1 phase to the U
structure atT1 is accompanied by a pronounced increase
the resistivity. This transition manifests itself as a sha
minimum in the dr/dT curve and exhibits a large temper
ture hysteresis. In the magnetic phase diagram presente
low, we tookT1 as an average of phase transition tempe
tures observed within cooling and heating process
respectively. At ambient pressure, the hysteresis appea
the range of 32,T,54 K andT1 is determined to be 43 K
These features are consistent with the data publis
previously.2 The residual resistivity ratio~RRR! in the low-
pressure experiment was.3 when measured at 2.2 GP
whereas at 2.0 GPa in the high-pressure experiment R
.2. This discrepancy may be attributed to additional latt
defects introduced by shaping and polishing the tiny sm
sample for the latter experiment.

More detailed plots focused on pressure effects on
transition atT1 andT2 are displayed in Figs. 2 and 3, respe
tively. The transition atT1 is rapidly pushed to higher tem
peratures with increasing pressure, dT1 /d p58.6 K/GPa.

FIG. 1. ~a! Temperature dependence of the electrical resistiv
in a wide temperature range at 0 and 2.2 GPa. The inset show
d r/d T vs T plot at ambient pressure. The magnetic phase tra
tions are indicated by arrows.~b! The temperature dependence
the electrical resistance in the same temperature range under
pressure up to 4.0 GPa.
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Thus the UAF phase becomes stabilized with applying pr
sure. Simultaneously, the width of hysteresis becomes
rower (72,T,82 K at 3.0 GPa, which is about a half o
that observed at ambient pressure!, nevertheless, the hyste
esis persists up to 3.0 GPa.

On the other hand,T2 decreases with pressure at a rate
21.3 K/GPa and the relatedr(T) anomaly becomes gradu
ally broadened. The resistivity changes at both transiti
become gradually reduced and vanish above 3.2 GPa, w
indicates that the intermediate AF1 phase is completely s
pressed. At 3.2 GPa only a small anomaly appears on
R(T) curve around 100 K, which we attribute to the orde
order magnetic phase transition between the ILSDW a
UAF phases. Since this anomaly shifted to higher tempe
ture with increasing pressure (T25102 K at 4.0 GPa!, the
UAF phase seems to become stabilized also on accoun
the ILSDW. We expect that above 4.0 GPa also the ILSD
phase becomes completely suppressed and the UAF p
remains belowTN .

These results allow us to complete the pressu
temperature magnetic phase diagram of UNi2Si2 as shown in
Fig. 4. As described above the temperature interval of sta
ity of the UAF phase becomes gradually enlarged with pr
sure on account of the AF1 phase and at higher press
also on account of the ILSDW. This result is in a qualitati
agreement with the proposedp-T magnetic phase diagram i
Ref. 6, but the AF1 phase disappears at 3.2 GPa, whic
different from that in Ref. 6. From the thermodynamic
point of view, the stability of UAF phase is also in goo
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FIG. 2. Effect of pressure on the temperature dependence o
electrical resistance aroundT1 in cooling and heating processes@~a!
p<2.2 GPa and~b! 2.0<p<4.0 GPa#. The hysteresis region be
comes narrower with increasing pressure.
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agreement with our previous thermal expansion study at
bient pressure,9 i.e., the UAF phase has the smallest volum
among all magnetic phases of this compound because
external pressure usually stabilizes low-volume~high-
density! state.

This p-T magnetic phase diagram is formally very simil
to the magnetic-field-temperature (B-T) phase diagram a
ambient pressure.3,10,11That is to say that UAF phase is st
bilized and AF1 phase is suppressed by both external for
say pressure and magnetic field. This indicates that there
close relation between lattice and magnetic properties in

FIG. 3. Temperature dependence of the electrical resista
around T2 and TN under high pressure~a! p<2.2 GPa and~b!
2.0<p<4.0 GPa. A new anomaly, which is indicated by arrows
the electrical resistance, appears around 100 K reflecting the m
netic order-order phase transition between ILSDW and U
phases.
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compound. In order to clarify the magnetoelastic propert
of UNi2Si2, thermal expansion measurement under h
pressure is in progress. Neutron-scattering studies are
strongly desirable in order to check the pressure-indu
variations of the ILSDW propagation along thec axis. When
magnetic field is applied along thec axis, thec axis compo-
nent ofqILSDW is gradually approaching toqUAF .

In conclusion, we have constructed ap-T magnetic phase
diagram under high pressure up to 4.0 GPa. The intermed
simple antiferromagnetic~AF1! phase, which exists in a
range 43<T<103 K at ambient pressure is suppressed
an external pressure of 3.2 GPa. The ground state UAF p
tends to stabilize at high pressure.
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FIG. 4. A p-T magnetic phase diagram of UNi2Si2 up to 4.0
GPa. The lines are guides to the eye.T1 increases andT2 decreases
with increasing pressure. The intermediate antiferromagnetic A
phase disappears at.3.2 GPa. The borderline of this phase boun
ary is quite flat. On the other hand,TN is almost pressure indepen
dent up to 4.0 GPa.
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