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We have performed high-resolution neutron powder diffraction measurements on,8iglnd
CeMn,Ge, at temperatures between 12 and 550 K. Our measurements indicate that at high
temperatures both compounds are paramagnetic. BElpw380 K CeMnSi, becomes a collinear

AF, with a structure similar to that reported by Sietkal. in which the magnetic propagation vector

is 7=(0 0 1). CeMn,Ge,, on the other hand, exhibits two different magnetic transitiond.\ft415

K there is a transition to a collinear AF phase characterized by the commensurate propagation wave
vector r=(1 0 1). At Tc~318 K there is a transition to a conical structure with a ferromagnetic
component along the axis and a helical component in tlad plane. The helical component is
characterized by the incommensurate propagation veetét 0 1-q,), whereq, is temperature
dependent. ©1996 American Institute of Physid$S0021-897606)73208-§

INTRODUCTION vector isT=(0 0 1). Below Ty=415 K CeMnGs, is a col-
linear antiferromagnet with a commensurate propagation
The family of layered compounds of the form BX,  wave vectorr=(1 0 1). Below To~318 K the Mn moments
(R=rare earth, M-transition metal, X=Si, Ge crystallizes in this system exhibit a conical structure with a ferromag-
with the ThCsSi, (I14/mmn) structure and exhibits a rich netic component along theaxis and a helical component in
variety of interesting physical phenomena that include superthe ab plane, similar to that of LaMyGe, reported by Ven-
conductivity, magnetism, mixed valence, heavy fermion orturini et al# This helical component is characterized by the
Kondo behavior. Of particular interest is the systemincommensurate propagation vector(1 0 1—q,), where
CeMn,X,, which exhibits magnetic moments only at the Mn q, is temperature dependent and varies frofatd ) to 0.32
sites. In this system the Mn atoms form a simple tetragonaleciprocal lattice unitgat T=12 K). These findings are con-
lattice and are coupled with an exchange interaction that hasistent with the recent results reported by Wetieal?
been thought to be sensitive to the Mn-Mn distances within
(0 0 1) planes(intralayer exchangeand relatively insensitive
to the Mn-Mn distances along the axis (interlayer ex-

change. It has been reported that the Mn moments in  Apout 10 g of CeMpGe, and CeMnSi, were prepared
CeMn;Si, are aligned ferromagnetically within t® 0 1 py arc melting stoichiometric amounts of the constituents in
planes, and that these planes are coupled antiferromagnefin argon atmosphere. X-ray diffraction analysis showed that
cally below Ty=379 K The CeMnGe, system, on the these specimens had no significant amounts of impurity
other hand, has been reported to be ferromagiEtit) be-  phases. The samples were powdered and loaded in thin-
low Tc=316 K** Recently Venturiniet al* have reported walled aluminum or vanadium cells for the neutron diffrac-
that in the related compounds Lab8i, and LaMnGe;, there  tion measurements. For the measurements between 12 and
is strong evidence of dominant intralayer antiferromagneticz3p K the cells were sealed in a He gas environment, and
interactions, which give rise to conical incommensuratethen placed in a closed cycle He refrigerator. For the high
phases at low temperatures. These results suggest that tenperature measurement830 K<T<550 K) the cells
nature of the magnetic interactions in this family of com-were placed in a furnace. The neutron diffraction measure-
pounds is more complex than originally thought, and that thenents were performed at the HB4 high-resolution powder
magnetic structures of CeM8i, and CeMnGe, should be  diffractometer at the High Flux Isotope Reactor at Oak Ridge
reexamined. We have performed high-resolution neutromNational Laboratory using neutron wavelengths of 1.417 and
powder diffraction measurements on these compounds to re-222 A.

solve the magnetic structures and the nature of the magnetic _

interactions in these systems. In this article we report thece'\/InZSIZ

findings of our preliminary analysis of these measurements. Powder diffraction patterns of CeM8i, were collected

We found that at high temperatures both compounds arbetween 12 and 430 K. At 430 K there was no evidence of
paramagnetic. CeMBi, becomes a collinear antiferromag- any magnetic contribution to the diffraction pattern, and the
net belowTy~380 K, with a structure similar to that re- crystal structure at this temperature was refined using the
ported by Sieket al,! in which the magnetic propagation computer progranRIETAN.® The refined structural param-

EXPERIMENT
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FIG. 1. Partial neutron powder diffraction pattern for Ce/dip at T=410 FIG. 2. Partial neutron powder diffraction pattern for Cef@m, at T=521

K and 12 K. The low temperatur@ 1 1) peak is of magnetic origin and is K and 12 K. The low temperature magnetic satellites in the vicinity of the

indicative of an antiferromagnetic structure with a characteristic propagatiorfl 0 1) peak are of magnetic origin and are indicative of a helical component
wavevectorr=(0 0 1) (see text The solid lines are the result of fits to of the Mn magnetic moments with characteristic propagation wavevector
Gaussian lineshapes. The peak labeled with a question mark corresponds#e(1 0 1—q,). The neutron wavelength for this measurement wa.22

an unidentified impurity phase. The neutron wavelength for this measureA.

ment was\=2.22 A.

Mg per Mn atom. This value is lower than the value 250
eters are consistent with the published values for this mates reported by Sielet al! and lower than the paramagnetic
rial with the Ce, Mn, and Si atoms at thead( 4(d) and moment of 3.3ug reported by Lianget al.” At T=12 K the
4(e) sites of the space groupt/mmm a=4.0417(6) A, refined structural parameters wera=3.9913(4) A,
c=10.5546(19) A, and=0.382(1)(wherezis the variable ¢=10.4935(13) A, andz=0.380%8).
fractional coordinate of the Si atomsn this space group the
nuclear reflection conditions fohkl) areh+k+1=2n. An
extra reflection condition| =2n, exists for the scattering
contribution from the Mn sites. As the temperature was low-  Powder diffraction patterns of CeM@e, were collected
ered two superlattice peaks were observed. These could letween 12 and 550 K. At 550 K there was no evidence of
indexed as thél 1 1) (see Fig. 1and the(1 1 3 reflections. any magnetic contribution to the diffraction pattern, and the
These superlattice peaks appeared bdlqa:380 K and per-  crystal structure at this temperature was refined using the
sisted all the way down to 12 K. These findings are similar tocomputer programmETAN.6 This structure is similar to that
those reported by Siekt al! and correspond to an antiferro- of CeMn,Si,, with the Ce, Mn, and Ge atoms at théap
magnetic structure with a propagation vectes(0 0 1). The  4(d) and 4e) sites of the space grodg/mmm the refined
absence of reflections of the forf@ 0 2n+1) indicates that structural parameter at 521 K wera=4.1623(3) A,
the magnetic moments are parallel to thaxis. In this col- ¢=11.0081(9) A, and=0.3832(5)(wherez is the variable
linear antiferromagnetic structure the magnetic mondnt  fractional coordinate of the Ge atojn#\s the temperature
at the Mn siter is was lowered we found evidence of two magnetic transitions.

Below T\=~415 K the intensity of thé1l 0 1) reflection in-

Mz(ry)=Mo codry-7), @ creased:\lreaching a maximum at abdut320 K and then
where 7 is the propagation vector characteristic of the mag-dropped rapidly to the same level of the high temperature
netic structure in reciprocal lattice units, akt}, is the mag-  patterns. Belowl -~318 K magnetic satellites appeared in
nitude of the magnetic moment. Thus in this structure all thethe vicinity of the(1 0 1) (see Fig. 2, (103,(105, (21 1),

Mn moments in th€0 0 1) planes are coupled ferromagneti- and(2 1 3 reflections, at the same time that the intensity of
cally, while the moments in adjaceri 0 1) planes are the(110, (112, (114 and(2 0 2 peaks increased. The
coupled antiferromagnetically. The magnetic moment peintensities of the reflection® 0 2n) remained unchanged in

Mn atom at 12 K was calculated from the integrated inten-the whole temperature range studied. These observations are
sities of the(1 1 1) magnetic peak and th@ 1 0) nuclear consistent with the existence of two different magnetic
peak shown in Fig. 1. In this calculation a small correctionphases in CeMjGs,.

(<5%) was made to account for the preferred orientation  The enhancement of thel 0 1) reflection belowTy
present in the powder. The calculated moment was d21.9 could originate either by the appearance of ferromagnetic

CeMn,Ge,
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CeMn.Ge romagnetic componem, for Mn atT=12 K was 2.42) ug .
272 The refined structural parameters at this temperature were
04 ' ' ' ' ' ' a=4.1291(2) A,c=10.9016(7) A, andz=0.382q4).

s DISCUSSION

] The nature of the magnetic interactions in the systems
s ] under study is more complex than originally thought. The
s short distance between the Mn nearest neighkerg/2) is
0.2 - 7 suggestive of strong direct exchange interactions between the
] magnetic ions. The relatively large distan@2) between
) the Mn(0 0 1) planes suggests indirect exchange interactions
0.1+ 4 mediated by the Ge/Si and Ce atoms. For CgBinthe in-
it tralayer exchange interaction between Mn moments is ferro-
magnetic, while the interlayer is antiferromagnetic. For
0.0 . . . . l . CeMn,Ge, on the other hand, the intralayer exchange is an-
"0 50 100 150 200 250 300 350 tiferromqgnetic, while the interlayer is.such that gi\{es rise to
TK) a transition from a commensurate antiferromagnetic phase to
an incommensurate conical structure. The nature of this
FIG. 3. Temperature dependenceggffor CeMnGss. q, is given in recip- ~ COmmensurate-to-incommensurate phase transition, which
rocal lattice units(r.l.u). takes place with a magnetic moment reorientation is of spe-
cial interest and should be studied further. Recent bulk mag-
netization measurements on a specimen of C&dn (from

ordering of the Ce atoms, or by the appearance of antiferrdh€ same batch as our samptevealed an anomaly in the
magnetic ordering of the Mn atonfise., by the formation of magnetization at the same temperature where this spin reori-
a superlattice of Mn atomsThe magnetic ordering of the Ce entation takes plac¥. When this work was in progress we
atoms, however, would also increase the intensity of most ofarned of the recent published results of Wetteal” on

the allowed nuclear reflections. This intensity enhancemerfe€MnGe,; our results on this system are in general agree-
has not been observed, indicating that no magnetic orderingent with theirs. Our results are also in general agreement
is associated with the Ce atoms. This observation is considvith the recent Mesbauer experiments by Nowiek al!*

tent with earlier reports that Ce is nonmagnetic in this family
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