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The temperature- and field-induced magnetic phase transitions in pseudoternary systems
Th, _,Y,Mn,Ge, and Th _,Y,Mn,Si,, which are characterized by a separate magnetic ordering of
the Mn and Tb subsystems, have been studied on strongly textured samples by magnetization and
thermal expansion measurements. In the concentration regietx€4.0, where the Mn moments

are ordered only, the magnetic structure is antiferromagnetic. The magnetic ordering in the Th
subsystem is accompanied by a transformation of the Mn magnetic structure. As a result, the
compounds show a spontaneous magnetization. This transition is of a first-order type. In both
systems the transition temperature for the Th subsyﬂ’fgm decreases linearly with increasing Y
concentration and goes to zero at abaut0.40. Canted phases and field-induced first-order
transitions into the collinear phase have been observed in both systems below this temperature. It is
concluded that thé—d exchange interaction is the primary factor governing the valué(CBf).

© 2003 American Institute of Physic§DOI: 10.1063/1.1541652

INTRODUCTION method< %89 However, the results obtained are controver-

The ternary intermetallic compounds RpMp with X S'al.' Accordmg to recent daf(‘?él;anzlGez has a coll-mear
ferrimagnetic structure at<<T ™, which transforms into a

=Ge or Si are antiferromagnets at high temperaturg ( R p!
>400K) and attract interest due a number of temperatureS@nted one aly,~30 K. Tc™ varies from 95 to 110 K.In
the negatively coupled Th and Mn sublattices

induced magnetic phase transitions. These compounds cryngnZS'Z' . ) - ™
tallize in the ThCSi,-type tetragonal structure formed by form a collinear ferrimagnetic structure beloT > as re-
rare earth(RE), Mn, and X layers in the sequendé-X—  Ported in Ref. 9. However, following Ref. 6 in ThM8i, a
Mn—X—R perpendicular to the tetragonal axis. One of thecollinear antiferromagnetic structure of the Mn sublattice co-
interesting properties of the RMX, compounds with mag- €Xists with the ferromagnetic Tb sublattice belo )
netic RE is that the RE sublattice remains in the paramag= 65 K and a canted ferrimagnetic structure is stable below
netic state belowly and orders aTgR)~100 KYInthetem- 53 K. The differences in the magnetic properties of the two
perature interval < T< T, the magnetic structure of the compounds with X Ge and Si can be attributed to different
Mn sublattice depends on the in-plane Mn—Mn distanceMn—Mn distances. However, beloW) the f—d exchange
When this distance is smaller than about&28a spontane- interaction comes into play as well. The role of this factor is
ous magnetization appears in the Mn sublattiteBelow still unclear.
TE:R) various collinear and noncollinear ferrimagnetic struc-  Considering the large difference between the lattice pa-
tures are stabilized in these compoufids. rameters of TbMpGe, (a=3.990 A, ¢=10.845A) and
The TbMn,X, compounds show a relatively simple be- TbMn,Si, (a=3.930 A, c=10.486 AY a comparison of the
havior. These compounds have been studied by differenhagnetic characteristics of two systems,;ThY,Mn,Ge,
and Th _,Y,Mn,Si, with a variablef—d exchange can be
dAuthor to whom correspondence should be addressed; electronic maii.nformative in clarifying the relative role of the factors, such
nali@physics.siu.edu asf—d exchange interaction and interatomic distances, in the
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FIG. 1. Temperature dependence of the dc susceptibility of the
Th; _,Y,Mn,Ge, compounds measured at 1000 Oe. The inset shows the H [koe]
same data for the Th,Y,Mn,Si, system.

FIG. 2. Magnetization curves of TbM8i, (a) and Th oY, ;Mn,Ge, (b).

low temperature behavior of the RMX, intermetallics.

In this work, the temperature- and field-induced mag-be evaluated extrapolating the critical fields of the transitions
netic phase transitions have been studied on textured sampltss zero. Similar transitions occur in the jhY,Mn,Ge,
of the pseudoternary Th,Y,Mn,X, systems by magnetiza- system[Fig. 2(b)].

tion and thermal expansion measurements. Using the magnetization data, the magnetic phase dia-
grams of the Th_,Y,Mn,X, systems have been constructed
EXPERIMENT (Fig. 3. The two diagrams practically coincide with each

) ) other, the scattering of the transition poinTQb) and Ty,
The polycrystalline samples have been synthesized bygsteen TbMgGe, and TbMBSi, being within the range
induction melting of elemental materials and homogenizeqeported in the literature. In the Y-rich regior;>0.5, no
for 170 h. at 750 °C. The magnetization in the temperaturg ansitions are observed in the magnetization curves. The
range 4-400 K has been measured by a superconductingmperature dependence of the low-field susceptibility varies
quantum interference devic€SQUID) magnetometer in |inearly helow about 170 K in all these compounds. This

fields up to 55 kOe. The thermal expansion has been studigflgicates that the Tb sublattice is in the paramagnetic state

in the temperature range 8—-300 K by the x-ray diffractions,,. v~ 5.

method using a He flow cryostat. The temperature dependence of the unit cell volume of
In Fig. 1 the temperature dependence of the dc SUSCeRynical Th, .Y Mn,X, compounds is given in Fig. 4. Only

tibility Xoc. is shown for the Th ,Y,Mn,Ge, compounds.. two samples, TbMsGe, and Th ¢, ;Mn,Ge,, show a pro-
The sharp increase ofpc is due to the onset of magnetic 5 nced volume expansion a-lgb')_ The volume effect
order in the RE sublatticeT{™=76 K for x=0 and de-

creases with increasing Y concentration. The low-

temperature transition from a canted to a collinear ferromag- 80
netic structure known for ToMyGe, can be associated with

the rapid change ofpc at 18 K. Similar dependencies, al-

though more smoothed @™, have been obtained for the 60
Th;_,Y,Mn,Si, system(see inset in Fig. )1 Note, however,

the shape ofpc(T) near the transition temperature depends

strongly on texture in both systenimompare also with Refs. 40 -
4 and 10. More reliably the transition temperatures can be 5
determined from the magnetization measurements.

As can be seen from Fig.(®, where the results for 205
TbMn,Si, are exemplified, the antiferromagneti¢0, 80, T
and 90 K), canted(58 K), and collinear5 K) ferromagnetic 0 tr
phases can be distinguished by the character of magnetiza- 000 025 050 075 1.00
tion process. In the vicinity of the phase transition the mag- .
netic field induces transitions between the antiferromagnetic Y- concentration
and canted phases and between the canted and collinggg, 3. magneticx—T phase diagrams of the Tb,Y,Mn,Ge, and
phases. Hence, the transition temperatdg® and T, can  Tb,_,Y,Mn,Si, systems.

(Tb)

(Tb,Y)Mn_X,

O, 0 Ge
e , B Sj

T K]
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V" [A] X=Ge and Si. The fact that the lattice parameters are differ-
5.570 o 5.450 ent in two systems indicates that the main factor in stabiliz-
.__._.,‘/.} ing a magnetic order in the Tb sublattice is thed ex-

- change interaction. One can suggest thatfthd molecular
field acting on Tb is weak in the RMX, series and is can-
celed out abova{™ because of the negative Mn—Mn ex-
change. A first-order type magnetic phase transitiorT at
=TUP takes place in these compounds because a spontane-
ous moment arises in the Mn sublattice due to thel ex-
change. Hence, the total molecular field acting on the Tb
sublattice changes abruptly &f™ .

The large volume expansion observed T&{” in the
Th-rich Th, _,Y,Mn,Ge, compounds requires study more in
detail. This effect can depend on the details of the Mn sub-

‘ P lattice magnetic structure belo ® and can arise when the
0 25 50 75 100 125 angle between the Mn spin moments exceeds some border-
T[K] line value.
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FIG. 4. Temperature dependence of the unit cell paramétée (a%c)*®
for some characteristic samples of ;ThY,Mn,Ge, (full symbols, left ACKNOWLEDGMENTS
scalg and TbMnSi, (open symbols, right scaleThe hatched regions show

the area of coexistence of the phases in two Ge-containing compounds with
a volume expansion &™) .
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AV/V is equal to 3.X10 2 and 2.7 102 for x=0.0 and
0.1, respectively. It is important to note that the transition at
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