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Nature of the pressure-induced magnetic phase transition in the itinerant-electron
antiferromagnet YMn,: A microscopic view
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The '°Sn high-pressure Mossbauer-effect technique on 0.5 at. % '?Sn-doped YMn; has been used
to investigate, on a microscopic level, the nature of the pressure-induced magnetic-to-nonmagnetic

phase transition in the itinerant-electron antiferromagnet YMn,.

We find, in contrast to the

temperature-induced first-order magnetic phase transition at Ty and at ambient pressure, a strong
but continuous reduction of the ordered Mn local magnetic moment in the range 0 < p < 0.3 GPa,
which reveals a pressure-induced second-order phase transition. In the same pressure range, we
observe a change of the nature of the spin fluctuations from transversal (0 < p < 0.3 GPa) to
longitudinal at higher pressures. We further show evidence for short-range magnetic order in the
pressure-induced nonmagnetic state (0.3 < p < 4 GPa).

The rare-earth (R) Laves-phase intermetallic com-
pounds RMn; show a variety of magnetic and structural
properties depending on R.>™ Among these YMn, (C'15-
type structure) reveals various interesting temperature-
induced magnetic and structural phenomena which re-
cently have been the subject of a large number of
experimental®™® and theoretical® efforts. The prime in-
terest in YMn, is connected with the fact that this com-
pound is considered as a unique system which exhibits
both localized and weak itinerant magnetic properties
and thereby allows one to investigate the mechanism of
moment formation in a magnetic system: YMn, devel-
ops an antiferromagnetic (AF) order below Ty ~ 100
K,*1011 where the Mn moments are predominantly lo-
calized (pumn = 2.7u5).1? However, at T = Ty the Mn
moments suddenly collapse, suggesting a transition from
local moment to weak itinerant magnetism. This mag-
netic phase transition is of first order, where the collapse
of the Mn moments above T is accompanied by a gi-
ant volume decrease of the unit cell (AV/V =~ 5%).
The magnetic properties above Ty are characterized by
strong longitudinal spin fluctuations (SF).!?

The above-mentioned strong coupling between mag-
netism and volume in YMn, (large magnetovolume ef-
fect) very recently has stimulated many experimen-
tal groups to investigate the effect of pressure on
the magnetic properties of YMn,.13715 The main re-
sult of all these macroscopic high pressure experiments
(electrical resistivity,!® specific heat'4 and elastic neu-
tron scattering'®) is the observation of a magnetic-
to-nonmagnetic phase transition at pressures between
0.2 and 0.3 GPa depending on the sample. Evidence
for the enhancement of the spin fluctuations (SF) at
the magnetic—nonmagnetic phase transition is reported
from the high pressure specific heat data.!* However, sev-
eral crucial questions are raised by these experimental
results: (1) What is the mechanism of the disappearance
of the localized Mn moment under high pressure, (2) is
there a corresponding pressure-induced change of the na-
ture of the spin fluctuations at the magnetic phase tran-
sition, and (3) what is the nature of the pressure-induced
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nonmagnetic state?

In order to provide a microscopic insight into these
questions, we have performed !!°Sn high pressure
Mossbauer effect (ME) experiments up to 4 GPa on
YMn, samples doped with 0.5 at.% 19Sn. Using the
ME technique, the stability of the Mn local magnetic
moment can be measured via the pressure-induced vari-
ation of the average transferred magnetic hyperfine (HF)
field, Brur at the 1'°Sn nucleus [Bryr(p) o pma(p)]- In
addition, this technique allows the determination of the
pressure dependence of Ty by measuring the tempera-
ture dependence of Bryr at each value of the applied
pressure.

The sample of Y(Mng g9s '°Sng.gos)2 Was prepared
by induction melting on a water-cooled Cu finger in a
pure argon atmosphere. Stoichiometric amounts of 119Sn
and Mn were premelted in order to obtain a homoge-
neous distribution of °Sn on the Mn sites in YMn,.
No further annealing of the sample was done in order to
avoid possible site changing of 11°Sn atoms from Mn to Y
sites. Details of the preparation procedure are described
elsewhere.'® Powder x-ray diffraction patterns show the
pure cubic (C15) Laves-phase structure of YMn;. We
find neither traces of the Y¢Mny3 phase nor of Y metal.
The value of Ty has been determined from the dc sus-
ceptibility (T ~ 70 K). This value is smaller than the
value of Ty for YMn;, possibly due to local disorder in
the nonannealed sample. All other macroscopic proper-
ties of our doped YMn, sample,'® on the other hand,
are in good agreement with those known for YMns,:?!
from the temperature dependence of the x-ray diffrac-
tion patterns we obtain the same value of the volume
change (AV/V = 5%) at Ty. We also obtain for our
sample the same value of the thermal expansion coeffi-
cient (a = 50 x 107K~ T > Ty) known for YMn,
(Ref. 5). !°Sn high pressure ME experiments up to
4 GPa and at different temperatures from 300 to 1.6 K
were performed using a Chester-Jones type high-pressure
setup as describe elsewhere.!” A Ca 119Sn03; Mossbauer
source was used (5 mCi, 4 mm active diameter).

The 119Sn ME spectra of YMn, as a function of tem-
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perature and of pressure are shown in Figs. 1, 2(a), and
2(b), respectively. All ME spectra were fitted using a
modified histogram method as described in Ref. 18 which
allows one to obtain the values of the average transferred
HF field Brur and its distribution P(Brgr), see Fig.
3, which reflects the distribution of Mn local magnetic
moments around the '°Sn probe. Figure 1 shows some
selected ME spectra at different temperatures collected
upon cooling and heating the sample at ambient pres-
sure. We obtain in the paramagnetic state (7' > T)
a linewidth of 1 mm/s which we have taken as a con-
stant in the analysis of the ME spectra in the magnetic
state. The analysis of the ME at 4.2 K and at p = 0
GPa shows that the HF field distribution does not con-
tain any nonmagnetic component. This proves that the
119G probe occupies only Mn sites, because one expects
no transferred HF field if Sn would occupy Y sites in the
C15 structure. Within the experimental error we do find
at the phase transitions neither temperature-induced nor
pressure-induced change of the isomer shift [S =1.75(4)
mm/s]. Figure 2(a) displays the pressure dependence
of the ME spectra collected at 4.2 K (0, 0.2, and 0.3
GPa) or at 1.6 K (0.8 and 4.0 GPa), whereas Fig. 2(b)
shows the temperature dependence of the ME spectra at
P = 0.3 GPa. The pressure dependence of Bryr and
of Ty as obtained from the analysis of the correspond-
ing ME spectra is plotted in Fig. 3. Here, we find a
sharp, but discontinuous decrease of Bryr and in par-
ticularly of Ty with increasing pressure, which indicates
a pressure-induced magnetic phase transition at a criti-
cal pressure p. = 0.3 GPa from the AF state to another
magnetic state with much lower values of Ty = 15 K
and pmn < 0.5up (obtained at p > 1.0 GPa; see Fig.
3). Brgr and Ty approach zero by further increasing
the pressure 0.3 < p < 4.0 GPa. The relative decrease
of Bryp with pressure for 0 < p < 0.27 GPa is in good
agreement with the relative decrease of ppy, with pres-
sure (Fig. 3) as obtained from very recent elastic neutron
scattering measurements of YMn, under high pressure.!®
Also the rate of decrease of Ty with p,dTx/dp = —110
K GPa~!is comparable with that obtained from previous
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FIG. 1. Temperature dependence of the ''°Sn M&ssbauer
spectra at ambient pressure upon heating and cooling of
YMn; sample doped with 0.5 at. % '°Sn.
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FIG. 2. (a) Pressure dependence of the ''°Sn Méossbauer
spectra of YMn, sample doped with 0.5 at. % !°Sn collected
at 42 K (p = 0, 0.2, and 0.3 GPa) and at 1.6 K (p = 0.8
and 4.0 GPa). (b) Temperature dependence of the '°Sn
Mossbauer spectra of the same sample at p = 0.3 GPa.

high pressure measurements.”-8

In the following we discuss the first-order magnetic
phase transition in YMn,; which occurs at ambient
pressure.? As evident from Fig. 1, the temperature de-
pendence of the ME spectra at ambient pressure displays
the features that are expected for a first-order magnetic
phase transition: one observes upon cooling (or heating)
in Fig. 1 the coexistence of a magnetic and a nonmag-
netic (single line) component at temperatures near Ty .
This is best seen from the corresponding temperature
variation of the HF field distribution P(Btyr) shown in
Fig. 4(a). One observes upon heating the evolution of the
nonmagnetic component at the expense of the magnetic
one, while no shift between the two components occurs.
In addition, we find a thermal hysteresis as expected for
a first-order transition in YMns. This is clearly seen in
Fig. 1 by comparing the ME spectra for cooling and
heating at the same temperature (e.g., at T = 35 K).

In contrast to the temperature-induced, first-order

T T T T T T T T T T

10F¢ 1.0

08 \‘Z los
—~ Ve S
o | _ S
Ly B -~
/2 06 \ i/Bmf 06 g
= Q =
2 04t {04 &
> -
= [} ° ~
T, =
02t f*geg o {o2 1@

[ ]
R gy _
00 1 1 1 L 1 1 1 1 = 1 loo
~0 1 2 3 4 5
p(GPa)

FIG. 3. Pressure dependence of the relative changes of
Tn,Tn(p)/Tn(0), and of Brur, Brur(p)/Brur(0), for **°Sn
doped YMn; as deduced from the analysis of the correspond-
ing '*°Sn ME spectra. The symbol A denotes the relative
decrease of umn at p = 0.27 GPa as obtained from elastic
neutron scattering (Ref. 15). Lines through data points of
Tn are only a guide to the eye.
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FIG. 4. (a) Temperature variation of the HF field distri-
bution P(Brur) at ambient pressure for ''°Sn doped YMn,
sample as obtained from the analysis of the corresponding
1199 ME spectra. Symbols A, B, and C denote the HF field
distributions of the ME spectra A, B, and C in Fig. 1 (heat-
ing). (b) Pressure variation of P(Btur) at T = 4.2 for the
same YMn, sample as obtained from the analysis of the corre-
sponding '°Sn ME spectra. Symbols A*, B*, and C* denote
the HF field distributions of the ME spectra A*, B*, and C*
in Fig. 2(a).

magnetic phase transition at T and at ambient pres-
sure, we find a continuous reduction of the Mn local
magnetic moment in the range 0 < p < 0.3 GPa [see
Fig. 2(a)], which reveals a pressure-induced second-order
phase transition. This is evident from the gradual shift
of the maximum in the HF field distribution from the AF
component towards the nonmagnetic component [Fig.
4(b)]. Further support for a pressure-induced magnetic
phase transition of second order is the absence of the
temperature-induced hysteresis at p = 0.3 GPa [Fig.
2(b)] as compared with that obtained at p = 0 GPa
(Fig. 1). In this respect, we want to emphasize that our
finding of a second-order phase transition of the ordered
Mn moments in YMn, contradicts the conclusion drawn
from very recent high pressure elastic neutron scatter-
ing, namely, of an inhomogeneous decrease of uy, with
pressure 0 < p < 0.27 GPa.1®

Next, we want to discuss the role of spin fluctuations
with respect to the pressure-induced magnetic phase
transition in YMn, at p.. In order to do this, we
have plotted in Fig. 5 the normalized values of Brgr,
b = Brur(p,T)/Brur (p = 0,T = 4.2 K), which cor-
respond to puma(p,T)/pumn (p = 0,T = 4.2 K) against
the normalized temperature [T/Tn(p = 0)] for various
values of the pressure. The difference in the tempera-
ture dependence of pm, between p = 0 and 0.2 GPa,
on one hand, and p = 0.3 GPa, on the other hand, is
clearly demonstrated in Fig. 5. A comparison of the
temperature dependence of pum, with the temperature
dependence of the amplitude of the local spin fluctua-
tions SZ (Ref. 19) suggests that pm, in YMn, under
high pressure exhibits a change from mainly transversal
SF typical for local moment behavior (first-order phase
transition) for p < p. to longitudinal SF typical for weak
itinerant magnetism (p = p.). This finding is strongly
supported by the following quantitative analysis: from

FIG. 5. Temperature dependence of the normalized trans-
ferred HF field, b = Brur(p,T)/Brur (p = 0,T = 4.2 K),
which has been determined from the corresponding HF field
distributions taking only into account the magnetic compo-
nent (see Fig. 4). Lines through data points are only a guide
to the eye.

Fig. 3 one obtains for p. < p < 4 GPa a value of dln
Tn/dp ~ dln Brur/dp as expected from the theory for
very weak itinerant-electron ferromagnets.?

Finally, we want to compare the pressure-induced mag-
netic phase transition in YMn, detected by **°Sn ME
spectroscopy as a microscopic tool with that measured
by macroscopic high pressure methods.}371%

As mentioned above, both the pressure-induced
changes of pmn, and Ty obtained from Me 119Gn high
pressure technique are in agreement with those ob-
tained from elastic neutron scattering!® and electrical
resistivity,® respectively. However, there is a difference
between the high pressure ME results and those ob-
tained from other (macroscopic) high pressure experi-
ments: we observe at p. a magnetic phase transition
from the predominantly localized AF state to another
magnetic state with a much lower Mn-magnetic moment
< 0.5up instead of 2.7up at ambient pressure which is
suppressed to zero at 4 GPa (see Fig. 3). This observa-
tion appears to contradict with other high pressure ex-
perimental results, namely the observation of a magnetic-
to-nonmagnetic phase transition at p.. However, since
high pressure results on YMn, as obtained from elastic
neutron scattering'® and from low-temperature specific
heat* exclude any existence of long-range magnetic or-
der above p., we attribute our observation of a “low-
moment” magnetic state above p. by 1°Sn ME spec-
troscopy to be due to a short-range magnetic order. This
can be originated from freezing of the spin fluctuations
which exhibit strong AF correlations in the neighborhood
of the '°Sn probe in YMn,. This conclusion is consis-
tent with our finding that increasing pressure to p. has
the effect of enhancement of the longitudinal SF in YMn,
(see Fig. 5).

In this connection, it is interesting to refer to recent
studies of the effect of chemical pressure on the magnetic
properties of YMn,.21:22 Here it is shown that doping of
3 at. % of Sc for Y in YMn; (i.e., Yo.97Sco.03Mn2) which
reduces the volume by about 1% destroys the long-range
AF order. In this “nonmagnetic” state one finds?! evi-
dence for short-range AF correlations from inelastic neu-
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tron scattering measurements on Yg.97Scg.03Mny as well
as an enhancement of v (v = 140 mJ/K? mol) from mea-
surements of specific heat at low temperatures.?? These
results are consistent both with the enhancement of v by
external pressure,'? and with our observation of short-
range magnetic order in the pressure-induced nonmag-
netic state of YMns,.

In summary, we find in contrast to the temperature-
induced first-order magnetic phase transition at T and
at ambient pressure a continuous reduction of the Mn lo-
cal magnetic moment in the range 0 < p < 0.3 GPa,
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which reveals a pressure-induced second-order phase
transition. In the same pressure range, we observe
a change of the nature of the spin fluctuations from
transversal SF (0 < p < 0.3 GPa) to longitudinal SF
at higher pressures (p > 0.3 GPa). We further show
evidence for short-range magnetic order in the pressure-
induced nonmagnetic state (0.3 < p < 4 GPa).
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