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Suppression of simple antiferromagnetism in UNjSi, under high pressure
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UNi,Si, appears successively in three magnetically ordered phases with decreasing temperatufig below
=124 K. The intermediate phase, which exists in a temperature range<of 4303 K at ambient pressure
is the simple antiferromagnetidF1) phase. The temperature dependence of the electrical resistivity in this
compound shows distinct anomalies at related magnetic-phase transitibgs 8t=43 K andT,=103 K.
We have measured the electrical resistance for current parallel oakis (i|/c) in a UNi,Si, single crystal
under high pressures up to 4.0 GPa. With increasing pressyriacreases and, decreases at rates of 8.6
K/GPa and—1.3 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 j®iJJNas been
determined as 3.2 GPa. On the other hahgseems to be almost pressure independent. From these results, a
more complete pressure-temperature magnetic phase diagram is constructed.

UNi,Si, crystallizes in the tetragonal Th§Si, type struc- In the present work, we have measured the electrical re-
ture, which consists of the U and Ji, layers alternating Sistance of UNiSi, along thec axis under high pressures up
along thec axis® This compound orders magnetically at 124 to 4 GPa in order to determine the stability of these magnetic
K in incommensurate longitudinal spin density wave phases at high pressure and construpt® magnetic phase
(ILSDW) propagating along the axis. By decreasing tem- diagram of this compound.
perature belowl y, it exhibits a second magnetic phase tran-  The single crystal of UNiSi, was grown by means of the
sition atT,=103 K to a simple body-centered antiferromag- triarc Czochralski technique. The sample cut parallel to the
netic (AF1) state and finally aff;=53 K it orders in a crystallographicc axis was used for electrical resistivity
uncompensated antiferromagnetidJAF) state with g measurements with|c. Measurements under high pressures
=(0,0,2/3} (T;=43 K according to Refs. 3and.4Only U  up to 2.2 GPa using a Cu-Be piston cylinder device were
magnetic moments are present in the U ordered mag- performed at Kumamoto UniversifyAbove 2.0 GPa, the
netic phases always parallel along thexis and ferromag- experiment was carried out at ISSP, the University of Tokyo
netically coupled within the basal plane. Coupling along theusing a cubic anvil-type high-pressure delh both cases,

c axis varying with temperature then yields the differentthe pressure transmitting medium was a 1:1 mixture of Fluo-
magnetic phases mentioned above. rinert FC70:FC77. The electrical resistivity was measured by

Electrical resistivity is highly anisotropic, which reflects means of a dc four-probe method with electrical current ap-
anisotropy in coupling of U moments. The three distinctplied parallel to thec axis. The sample dimensions were
anomalies in the resistivityp) along thec axis can be asso- 1.2x0.3x0.2 mn? in the low-pressuref<2.2 GPa) ex-
ciated with the magnetic phase transitions, which makes reperiment and 0.%0.1xX0.1 mn? for the high-pressurep(
sistivity measurements particularly suitable for pressure=2.0 GPa) study. The samples were cut into the bar along
induced effects on magnetic phase transition temperaturesthe c axis.

Recently suppression of the AF1 phase with a critical The temperature dependence of the electrical resistivity
pressure of-2.4 GPa has been predicted based on the eledrom two experiments is shown for selected pressures in
trical resistivity measurements up to 1.2 GR@n the other  Figs. 1a) and 1b), respectively. The inset shows a tempera-
hand, linear extrapolation df;(p) andT,(p) obtained from ture derivative of electrical resistivity in heating process at
our previous measurements under pressures up to 2.2 GRanbient pressure. Above 130 K, tlT) curve exhibits a
led us to a conclusion that the AF1 phase is to vanish agradual upturn with decreasing temperature at all pressures,
about 4 GP4. i.e., dp/dT is negative. BelowTy, the resistivity starts to
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FIG. 1. (a) Temperature dependence of the electrical resistivity
in a wide temperature range at 0 and 2.2 GPa. The inset shows the FIG. 2. Effect of pressure on the temperature dependence of the
dp/dT vs T plot at ambient pressure. The magnetic phase transi€lectrical resistance aroufld in cooling and heating processl¢g)
tions are indicated by arrowsb) The temperature dependence of P<2.2 GPa andb) 2.0<sp=<4.0 GP4 The hysteresis region be-
the electrical resistance in the same temperature range under hig@mes narrower with increasing pressure.
pressure up to 4.0 GPa.

Thus the UAF phase becomes stabilized with applying pres-
decrease due to the magnetic ordeiigSDW) and dp/dT  sure. Simultaneously, the width of hysteresis becomes nar-
vs T dependence has a shoulderTat. As temperature de- rower (72<T<82 K at 3.0 GPa, which is about a half of
creases, the resistivity drops suddenlyfat=103 K. Thisis that observed at ambient presgumevertheless, the hyster-
connected with order-order magnetic phase transition fronesis persists up to 3.0 GPa.

ILSDW to the simple AF1 phase and reflects the dramatic On the other handl, decreases with pressure at a rate of
change of the periodicity of the magnetic structure along the-1.3 K/GPa and the relatge{T) anomaly becomes gradu-
c-axis. The temperature of this phase transitbncan be ally broadened. The resistivity changes at both transitions
easily determined owing to a spike in the/l T vs T plot. become gradually reduced and vanish above 3.2 GPa, which
The phase transition from the AF1 phase to the UAFindicates that the intermediate AF1 phase is completely sup-
structure afl; is accompanied by a pronounced increase opressed. At 3.2 GPa only a small anomaly appears on the
the resistivity. This transition manifests itself as a sharpR(T) curve around 100 K, which we attribute to the order-
minimum in the do/d T curve and exhibits a large tempera- order magnetic phase transition between the ILSDW and
ture hysteresis. In the magnetic phase diagram presented BdAF phases. Since this anomaly shifted to higher tempera-
low, we took T, as an average of phase transition temperature with increasing pressurd {=102 K at 4.0 GPx the
tures observed within cooling and heating processedJAF phase seems to become stabilized also on account of
respectively. At ambient pressure, the hysteresis appears the ILSDW. We expect that above 4.0 GPa also the ILSDW
the range of 32 T<54 K andT, is determined to be 43 K. phase becomes completely suppressed and the UAF phase
These features are consistent with the data publishetbmains belowT .
previously? The residual resistivity ratioRRR) in the low- These results allow us to complete the pressure-
pressure experiment was3 when measured at 2.2 GPa, temperature magnetic phase diagram of 48%i as shown in
whereas at 2.0 GPa in the high-pressure experiment RRRig. 4. As described above the temperature interval of stabil-
=2. This discrepancy may be attributed to additional latticeity of the UAF phase becomes gradually enlarged with pres-
defects introduced by shaping and polishing the tiny smalsure on account of the AF1 phase and at higher pressures
sample for the latter experiment. also on account of the ILSDW. This result is in a qualitative
More detailed plots focused on pressure effects on thagreement with the proposedT magnetic phase diagram in
transition afl, andT, are displayed in Figs. 2 and 3, respec- Ref. 6, but the AF1 phase disappears at 3.2 GPa, which is
tively. The transition afl'; is rapidly pushed to higher tem- different from that in Ref. 6. From the thermodynamical
peratures with increasing pressureT,ddp=28.6 K/GPa. point of view, the stability of UAF phase is also in good
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FIG. 3. Temperature dependence of the electrical resistanceompound. In order to clarify the magnetoelastic properties
around T, and Ty under high pressuréa) p<2.2 GPa andb) of UNi,Si,, thermal expansion measurement under high
2.0<p=<4.0 GPa. A new anomaly, which is indicated by arrows in pressure is in progress. Neutron-scattering studies are also
the electrical resistance, appears around 100 K reflecting the magtrongly desirable in order to check the pressure-induced
netic order-order phase transition between ILSDW and UAFvariations of the ILSDW propagation along tbexis. When
phases. magnetic field is applied along tleeaxis, thec axis compo-

nent ofq, spw IS gradually approaching tQuar -

agreement with our previous thermal expansion study at am-, N conclusion, we have constructegal magnetic phase

bient pressur&j.e., the UAF phase has the smallest volumediagram under high pressure up to 4.0 GPa. The intermediate
L ple antiferromagneti¢AF1) phase, which exists in a

. . m
among all magnetic phases of this compound because e : .
external pressure usually stabilizes low-volungbigh- range 4§Ts103 K a]E 3ag1k();|ent pLessure '3 suppressedhby

density state. an external pressure of 3.2 GPa. The ground state UAF phase

. . . . .. tends to stabilize at high pressure.
This p-T magnetic phase diagram is formally very similar
to the magnetic-field-temperatur®<T) phase diagram at This work has been supported by the Grant Agency of the
ambient pressuré’®™ That is to say that UAF phase is sta- Czech Republi¢Grant No. 202/99/0184F.H. would like to
bilized and AF1 phase is suppressed by both external forceghank the JSPS Research Fellowships for Young Scientists
say pressure and magnetic field. This indicates that there is@nd G.O. would like to thank the JSPS Jap&urope Re-
close relation between lattice and magnetic properties in thisearch Cooperative Program for financial support.
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