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Competing Anisotropies in the Ferromagnetic Kondo-Lattice Compound YbNiSn:
Observation of a Complex Magnetic Ground State under High Pressure

K. Drescher, M. M. Abd-Elmeguid! H. Micklitz,' and J. P. Sanchéz
'1l. Physikalisches Institut, Universitat zu Kéln, Zilpicher Strasse 77, 50937 Kéln, Germany
’Département de Recherche Fondamentale sur la Matiére Condensée, CEA/Grenoble,
17 Rue des Martyrs, 38054 Grenoble Cedex 9, France
(Received 3 July 1996

The '"°Yb high pressure Mdssbauer-effect technique has been used to investigate on a microscopic
level the ground state properties of the ferromagnetic (FM) Kondo-lattice compound YbNiSn. Unlike
general expectations, we find for= p = 3 GPa a stable moment behavior whilg is enhanced to its
maximum value. Fop > 3 GPa we observe a gradual change of the FM state to a complex magnetic
ground state. This is suggested to be due to a volume dependent competition between the anisotropy of
the magnetic exchange interaction and the crystal electric field anisotropy. [S0031-9007(96)01381-6]

PACS numbers: 75.30.Mb, 75.10.Dg, 76.80.+y

The discovery that some Yb intermetallic compoundsreveals a relatively high electronic specific heat coeffi-
reveal many of the interesting Kondo-related propertiesienty =~ 300 mJmol 'K 2 [7] suggesting that a heavy
which are found in Ce compounds has generated consideglectron state coexists with magnetic order of reduced
able excitement [1,2]. This is due to the fact thatYlin ~ magnetic moments.
its 4£13 configuration with onetf hole can be considered  These findings very recently have motivated several
as the counterpart to thef! configuration of C&" with  high pressure groups to investigate the effect of pres-
one4f electron. The common point of interest in thesesure(p) on the transport, magnetic, and structural prop-
systems is that their ground state critically depends on therties of YbNiSn. Measurements of the resistivity at
competition between the indirect magnetic intersite interpressurep = 1.7 GPa [8] have shown th&t: strongly
action (RKKY) betweendf local moments via the con- increases withp reaching7c: = 7.6 K at p = 1.7 GPa.
duction electrons and the on-site Kondo interaction whichVery recent high pressure ac-susceptibiligy.( p)] mea-
favors a nonmagnetic ground state via moment compersurements [9] on YbNiSn over an extended pressure
sation [3]. The delicate balance between these two infange 0 = p = 38 GPa reveal that the enhanceft
teractions (with characteristic energi@gxxy and Tk, passes through a maximum at= 2 GPa and then
respectively) is theoretically described by Doniach [4] forfalls to Tc = 5.3 K for 6 = p = 9.4 GPa. These re-

a one-dimensional Kondo lattice in a magnetic phase disults [8,9] have been qualitatively discussed within the
agram depending on the exchange interactidmetween Doniach model. At higher pressures, however, the au-
4f and conduction electrons. thors [9] reported evidence for an unstable FM state of

Among Yb-based intermetallic compounds orthorhom-YbNiSn which cannot be simply understood within the

bic YbNiSn (e-TiNiSi structure) has recently attracted Doniach model: the ferromagnetiG. signaldisappeared
considerable interest as being a ferromagnetic (FMjor pressurep = 9.4 GPa, a fact which is taken as an
(T¢c = 5.65 K) Kondo-lattice (KL) system: At high tem- indication of a transition from the FM state to an antiferro-
peratures the magnetic susceptibility reveals Curie-Weissiagnetic or nonmagnetic state. In contrast to this, re-
behavior with an effective momenk.s =~ 43up [5]  cent high pressure resistivity measurementsdfes p <
close to the value of the free Yb ion (u.r; = 4.54up). 13 GPa on YbNiSn reveal thal- is nearly pressure in-
At low temperatures the interionic magnetic exchangelependent folb = p = 13 GPa [10]; i.e., no indication
coupling is found to be strongly anisotropic and compete®f a discontinuous change of the type of magnetic order
with the crystal electric field (CEF) anisotropy. This is observed ap = 9.4 GPa. Also a possible pressure-
competition results in an unusual situation where thénduced structural phase transitionjat= 9.4 GPa could
Yb magnetic moments lie along the axis although be excluded from high pressure x-ray diffraction measure-
the a axis is the easy magnetization axis [6]. Forments on YbNiSn which indicate a stable structure for
temperaturesT’ < T¢ the Yb magnetic moments have p = 26.4 GPa [10].
a saturated value ofts = 0.85up which is lower than Despite these extensive experimental efforts on
the valueucgr = 1.1up, as estimated from the analysis YbNiSn such macroscopic high pressure experiments do
of the paramagnetic state by considering the influenceot provide any information about the pressure effect on
of the CEF [6]. The reduction ofus is attributed to the Yb magnetic moment and the type of magnetic order
the hybridization of the localizeddf-electrons with  which are known to be intimately connected to the crystal
conduction electrons. At low temperatures YbNiSnelectric field anisotropy in many KL compounds [3,11].
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Obviously, this information is of fundamental interest for
a better understanding of the ground state properties of
magnetically ordered KL systems.

Itis for this reason that we have investigated for the first
time on amicroscopiclevel the effect of pressure on the
magnetic and electronic properties of a magnetically or-
dered Kondo-lattice system up to pressures of 7 GPa and
temperatured.8 = T = 9 K using the'’°Yb high pres-
sure Moéssbauer effect (ME) technique [12]. This micro-
scopic method is a powerful tool for the determination
of pressure-induced changes of the Yb magnetic moment
[wyb(p)], the Curie temperaturldc(p)] and the electric
field gradient (EFG) at the Yb site which reflects the Yb
local site symmetry. wyg(p) is obtained by measuring
the pressure dependence of the effective magnetic hyper-
fine (hf) field Begr (T — 0 K) at the!’°YDb nucleus, since
Begr is directly proportional towyp (Bettf = Cuyp, C = R S S ST | Y N S S S SR
102 T g ' [6]). Tc(p)is obtained by measuring the tem- 105 0 510 -15-10-5 0 5 1015
perature dependence & at different pressures. The velocity (mm/s) velocity (mm/s)
change of the EFG witp is obtained from the pressure de- FIG. 1. Typical'”Yb ME spectra of YbNiSn in the paramag-
pendence of the quadrupole splittilg = eQV.,, where netic state collected & = 9 K and different pressures.

V.. is the EFG at the Yb nucleus ar@ is the nuclear

quadrupole moment of the= 2 excited state. Since the . ] o )

EFG in YbNiSn is dominated by the contribution from Fig. 3(a)) E¢ is gradually enhanced with increasing
the aspherical charge distribution &f and6p electrons ~Particularly abovep = 3 GPa. , ,
[6,13], the pressure dependenceRf should give infor- In Fig. 2 we show ME spectra in the magnetically
mation about the change of the CEF anisotropy with ordered statg7 = 1.8 K) for different pressures. The

Our results show that unlike general expectations th&Pectra were fitted with a full Hamiltonian assuming
enhancement offc for pressures0 = p = 3 GPa is magnetic hyperfine fields as free parameters and by fixing

not accompanied by a pressure-induced change of the
Yb magnetic moment, which indicates a stable moment “
behavior. Most interesting is our finding of a grad- R
ual pressure-induced magnetic phase transitionpfor " 3
3 GPa from the FM ground state to a complex magnetic
state. It is shown that the magnetic ground state proper-
ties of the FM KL compound YbNiSn are governed by a
volume dependent competition between the magnetic ex-
change and CEF anisotropy.

For our high pressure study we have prepared a special
170TmB;, high activity (~200 mCi) Méssbauer source on
small active diameter of less than 3 mm. Polycrystalline
YbNiSn was prepared by melting stoichiometric amounts
of the constituents in a sealed molybdenum crucible and :
by postannealing the sample at 8@ for several days.
High pressuréd’®Yb-ME measurements up to 7 GPa and
at temperatured.8 = 7 = 9 K were performed using
a Chester-Jones type high pressure setup as describet
elsewhere [14].

Figure 1 shows'”’Yb ME spectra of YbNiSn in the

relative transmission
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paramagnetic phag@ = 9 K) at different pressures. All 20-10 0 10 20 © -20-10 0 10 20

spectra were fitted assuming a pure quadrupole splitting. velocity (mm/s) velocity (mm/s)
The asymmetry parametey of the EFG [y = |(V,x — o o _
Vyy)/Ve2|, whereV,, = V,, = V.. andn = 1] is found FIG. 2. Typical'®Yb ME spectra of YbNiSn in the magneti-

o cally ordered state collected af = 1.8 K and different
to b? 02=mn=06 a_nd the values of, and n at pressures. Dashed and solid lines in the ME spectrum at
ambient pressure are in very good agreement with thosg Gpa display subspectra of the low and high field components,
previously reported [6]. As evident from Fig. 1 (and respectively.
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the values ofE, and the linewidth to values obtained measurements on YbNiSn [10]. The agreement between
in the paramagnetic phase. At low pressyses. 3 GPa the Méssbauer and resistivity data and previous results of
Be¢r shows nearly constant valuesBfi; = 85 T in good  others [8,9] is obvious.
agreement with previous ambieptresults [6], revealing First, we discuss the pressure-induced changesanid
an almost pressure independent Yb magnetic momenfc. As is evident from Fig. 3(b) the value 8t =~ 85 T
Above a critical pressurép.) of about 3 GPa, a high (or uy, = 0.83u3) is almost pressure independent in the
field (moment) component appears wihg = 175 T low pressure rangé = p = 3 GPa which is typical for
[see also Fig. 3(b)], whose fraction grows at the cost oktable moment systems [15—17]. On the other h@pds
that of the low field component. This indicates a pressurestrongly enhanced witp in the same pressure range to its
induced magnetic phase transition fpr= 3 GPa from maximum valug7¢ = 7.7 K). This finding of a pressure
the FM state to a new, complex magnetic ground stateéndependentwyy is in contradiction to the suggestion
A reversible behavior upon releasing the pressure isthat the magnetic ground state of YbNiSn exhibits a
observed. The pressure dependence of the By reducedYb moment [6] due to Kondo screening. If
components and their weight averaged vaBg; are one follows this suggestion in the framework of the
shown in Fig. 3(b). Doniach model, one would expect a related increase of
In addition, we have deduced the valuesef p) from  both the Yb magnetic moment al@ with increasingp
the temperature dependenceRf; at different pressures. due to the dramatic decrease of the Kondo temperature
The results ofT¢(p) are shown in Fig. 3(c) together Tk with respect toTrkxy. Here we want to mention
with those observed in recent high pressure resistivitghat this theoretical picture works fairly well for the
magnetically ordered Ce KL system Ce$15]. In this
system it has been shown that the pressure dependence

100 088 096 094 092 of the saturation magnetization is directly related to that
T ' T ' ] of Tc. This indicates that the pressure dependence of
% 20f Vs @ T¢ and uyp in YbNiSn cannot be simply understood on
€ ‘{/ . the basis of the Doniach model assuming a reduced Yb
\E: 161 y; . magnetic moment at ambient pressure. Our observation
> £ 1 of a pressure-induced magnetic phase transition at higher
e ] 7z ) " S .
) 12-“A 1 pressures gives additional indication that the magnetic
T ground state properties of YbNiSn are more complex
180k ] (see below). _ '
160k ¢ 00—, ®) ] Next, we discuss the pressure-induced changeg of
— 1 andT¢ in the pressure range < p = 7 GPa. As men-
£ 1eor o i tioned before, we find fop > p. that the FM state of
o 1200y ;/ - ] YbNiSn becomes unstable: whilE- decreases sharply
100 L/D g ] with p, we observe the appearance of a high field com-
gof War® W ~ M ] ponent B = 175 T or u = 1.72up) whose fraction
increases with increasing. Thus the decrease df¢
sl ;f % © 1 upon increasingp is directly related to the transition
| % 1 from a low field to high field state which we attribute
< 7F § to a magnetic phase transition from the FM state at am-
- - g § @ bient pressure to a new, complex magnetic state. In or-
6l g der to explain the formation of such a state, we recall
i o §-‘§‘-—~§,__‘_§_l that the FM state at ambient pressure is governed py
o 2 4 6 8 10 12 14 a competition between the anisotropy of the magnetic
p (GPa) exchange interaction and that of the CEF. As shown

~in Ref. [6], the alignment of the Yb magnetic moments
FIG. 3. (a) Press_ure dependence of the quadrupole splittingjong thec axis although thez axis is the easy mag-
eQV:. atT =9 K (b) pressure dependence of the average,etization axis is related to the fact that the anisotropy

magnetic hf fieldB.; (M) at T = 1.8 K. Symbols () and . . -
(&) denote the pressure dependence of the low and higﬂf the magnetic exchange interactiomercomeshe CEF

field components, respectively. Arrows mark the corresponding@nisotropy. Model calculations and magnetization mea-
values of the Yb magnetic moment along th€u,.) anda  surements on single crystal YbNiSn [6] show that the
axis (u,) and the estimated value qicgr by considering saturation value of the Yb magnetic moment along the
CEF effects according to Ref. [6]p. = 3 GPa is the critical ;| gyis (u%, ~ 1.65up) is twice that along thec axis.

pressure; and (c) pressure dependenc&cofs obtained from . .
our high pressuré®Yb ME measurements on YbNiS®) and Here we emphasize that we find fpr> 3 GPa a value

from high pressure resistivity measuremefis [10]. Dashed Of the high field component oB. = 175 T which is
lines through data points are guides to the eye. equivalent to the value of the Yb moment along the
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axis. This leads us to suggest that the pressure-inducédr a better understanding of the ground state properties of
magnetic ground state is accompanied by a correspondkL systems.

ing change of the Yb moment orientation from thexis We are grateful to J. A. Hodges for providing us the
to the easy axis. The change of the moment direction YbNiSn sample and to R. A. Brand for offering u$’aYb

is also evidenced by a change in the an@lebetween fit program. Thanks are also due to V.V. Moshchalkov
Berr andV,,. Such a phase transition is only possible if for useful discussions.
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