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EuMn,Ge, and EuMn,Si,: Magnetic structures and valence transitions
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The magnetic structures dP*EuMn,Ge, and **EuMn,Si, have been determined by neutron diffraction
measurementé~1.8—723 K. The Mn sublattices of both EuMGe, and EuMnSi, order antiferromagneti-
cally [Ty=667(9) K; space group4’/m'm’'m andTy=391(5) K; space group,4/m'm’m’, respectively
with no evidence for ordering of the Ed ions in EuMnGe, down to 1.5 K. EuMaSi, exhibits a thermally
driven valence transition arourid,~527 K with a pronounced increase in the unit cell volume-a®6 from
the EG* state at low temperature§ € ~150 K) to an average valence state-62.5 at high temperatures
(T>~600 K). The valence-induced volume changes have been analyzed for the first time in terms of the
interconfigurational fluctuation model with occupation probabilities for th&*Estate in EuMgSi, and the
average EWf' values found to agree well with our reanalysis of earf®EuMn,Si, isomer shift data. The
strength of the magnetic interaction for antiferromagnetic ordering of the Mn sublattice is decreased by
~10%—-15% as a result of the change in the electronic configuration of Esijn
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[. INTRODUCTION less well understood; this is due mainly to the large neutron
absorption of natural E(e.g., 4530 b at a neutron energgl of
Interest in characterizing and understanding the behavio?5.3 meV. In the case of EuMsBi,_,Ge,, Nowik et al.
of intermediate valence systems of thielectron series has have recently reported that EuMae, contains divalent Eu
continued unabated for several decadeg., Refs. 1-3  and that large changes in the Eu valence and the magnetism
Rare-earti(R) intermetallic compounds containing europium °f the Mn sublattice are caused on replacing Ge with Si,

are of special interest—thev exhibit a wide rande of unusu hile EuMn,Si, reveals features consistent with a transfor-
P y 9 ation from Ed* to EY* above~500 K. They report that

physical and rnagneti_c properties as well as intermediéate V4he Mn sublattice orders antiferromagnetically for both
lences associated with the transition from the? E4f°) EuMn,Ge, and EuMn Si,—the former as a canted antiferro-
configuration to the EUf (4f") configuration(e.g., Ref. 4 magnet and the latter with spin reorientations also occurring.
Ternary EUTM, compounds (Ftransition metal; M-Si, Given the range of valence and magnetic effects taking
Ge, P with the tetragonal ThGBi,-type structure have at- place in this system, we have carried out neutron diffraction
tracted particular attention as the pure 1-2-2 compoundgieasurements ofY*EuMn,Si, and >EuMn,Ge, in order to
form readily and solid solutions can also be formed across§larify the unresolved issues concerning the magnetic and
wide concentration ranges of the T and M elements. Thigalence behavior of those compounds. We have determined
enables aspects of valence transitions linked with substituthe hitherto unknown magnetic structures of Eykae, and
tional effects in pseudoternary systems to be investigateEUMnSi; and analyzed the anomalous volume changes ob-
(e.g., Refs. 5-B in addition to the intrinsic behavior of the Served in EUMBSi, above ambient temperature by an exten-
valence transitions in the pure 1-2-2 compounds themselve§ioNn Of the interconfigurational fluctuation model in which
An additional feature is the influence of the transition metall® raré earth ions can be described as fluctuating in time

to the overall magnetism of the compounds. For example, thBe“’,Vee” two conﬂggraﬂons and in which the effect of coop-
Ni sublattice in EUNiSi, ,Ge, is nonmagneti€:? whereas erative phenomena in concentrated Eu compounds are taken

the Mn sublatiice exhibits magnetic order in IO account**® Good agreement is found between the oc-

EuMnSi, .Ge® as indeed it does in all RMSi._ .G cupation probability determined for the ¥u state of
comp?éuﬁdg(ez., Refs. 4, D MSL,-Ge, 153EuMn,Si, from the present analysis of volume change

The temperature-induced valence transitions in " data and our reanalysis of earliE"EuMn,Si, isomer shift

systems have been investigated by a variety of techniqueg,""ta'
including >’Feé® and *>*Eu Mossbauer spectroscop§,x-ray
absorption spectroscopy,as well as x-ray diffraction, mag-

netic  susceptibility, —magnetization, and resistivity = The neutron diffraction measurements were carried out on
measurement¥®®1°Changes in the valence state induced bythe time-of-flight diffractometer GEM~7-723 K at the
applied pressufé!?and magnetic fiefihave also been in- 1SIS spallation neutron source, UK. Additional measure-
vestigated in Eu-based compounds. While the main factorments were carried out on the EubM®e, sample on the E6
governing the magnetic ordering and structures of mostlifiractometer (~1.8—300 K; wavelengthn =2.444 A) at
RMn,M, compounds are well documentéelg., Refs. 4, 9, the Hahn—Meitner Institut, Germany. An important feature of
13), the magnetic structures of EuMWl, compounds are these experiments was the investigation of compounds using

Il. EXPERIMENTAL
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the low neutron absorption isotog@¥u (of natural abun- A. "EuMn,Ge,: Magnetic structure
dance~52.2% as the large absorption cross section of the Figure 1 shows the neutron diffraction patterns of
'S!Eu isotope prohibited the use of samples prepared with53yMn,Ge, from two different detector banks of GEM at
natural Eu. Theé*%Eu was purchased in the form oFe0.59 398 K along with Rietveld refinements to the data. The re-
metallic sheet of purltyv999% and of enrichment 98.77% finements in F|gs (h) and ](b) represent the fit obtained
in the **%Eu isotope(Oak Ridge National Laboratorywith  solely on the basis of the Th§Si,-type structure appropriate
the 99.999% Si, 99.999% Ge, and 99.99% Mn purchasegh this class of 1-2-2 compound. The misfit to the data is
from Aldrich Chemicals, RIC Corporation, and Goodfellow, evident, indicating the presence of significant magnetic scat-
respectively. While standard preparation techniques wergsring in 1>uMn,Ge, at 398 K. By comparison, the refine-
used, in view of the high cost of th&%Eu isotope, particular ments in Figs. &) and 1d) represent the high quality fit
care was taken in the preparation of the0.5 g (,2~2.4) obtained based on the antiferromagnetic structure
> EuMn,Ge, and > EuMn,Si, samples. Samples of equiva- for 153uMn,Ge, described below.
lent mass were |n|t|a"y prepared USing natural Eu to refine As out"ned previous|9,8 for the RMQXQ series W|th the
the preparation technique. In view of the highly pyrophoricThcr,Si,-type structure, a ferromagnetic order of the Mn
reactivity of Eu, the starting materials were handled in ansyplattice would lead to an increase in the intensity of peaks
argon gas chamber. Ultimately, samples were prepared in gbeying the reflection conditiorts+ k=2n. However, as in-
standard argon arc furnace with each sample remelted up Wicated by Fig. 1, for>¥uMn,Ge,, we find that the inten-
seven times. The ingot was weighed after each separate meities of several reflectiof®.g.,(101), (103, (105] are en-
and the melting process completed when the target mass-hanced compared with the nuclear scattering expected from
corresponding to the stoichiometry of the 1-2-2the 1-2-2 lattice. The occurrence of magnetic intensity in
compounds—was reached. Before the initial melt, 17.5% exsuch peaks witlh+k=2n+1 satisfies the reflection condi-
cess®¥u and 3.5% excess Mn were added to compensatéons for an antie-lattice translation mode. This leads to the
for evaporative losses during the argon arc melts. result that Mn atoms at théd, 1/2, 1/4 and (1/2, 0, 1/3

The experiments on GEM were carried out over the tem{ositions have magnetic moments pointing in the opposite
perature ranges 7—723 K for EuUMBSi, and~7-650 K for direction to each other. Further, as discussed fully elsewhere

EuMn,Ge, using a standard cryofurnace. The samples wer&-9- Refs. 18, 19, the intensity ratio for tti01) and (103
mounted in thin-walled vanadium cans of diameter 3 mm inP€2ks indicates that the moment direction is alongctais
order to further reduce the neutron absorption effects. The E?t?ﬁé t(q?)ri)l?nrgé:elt?z: p;zgﬁ' V-:;Eﬁ }[’:r:%técr’gu?:e”:g ?r:?)\r/]vsr:t%n
experiments on Eu covered the temperature range _. ; "

~1p_8_300 K and th'\e@faezmple was mountedpin a thin Al ngl_F|g. 2(@) with the variations of the nucled200) and (110

. . i . reflections shown for comparison. The magnetic structure
inder (diameter 2 mm In this form the final samples had an 1T ! . . .

. . of EuMn,Ge,, space groupl4’/m’m’m, is depicted in
absorption cross section 6f342 b at a neutron energy of Fig. 2(b)

25.3_ meV compared with a cross section~o4380 b for the The lattice parameters of EuMBe, at ambient tempera-
equivalent samples prepared with natural Eu. The crystal angJre [a=4.24972(3) Ac=10.9084(2) A from the present

magnetic structures were determined from the diﬁraCtioqnvestigatioﬂ correspond well with the values for Sri@e,
patterns by Rietveld refinements using the computer Prografh = 4.30 A:c=10.91 A) 2 Given the further similarity in
GSAS!® This allowed the data from the four available de- the ionic radii of SF (r=1.32 A) and E&* (r=1.31 A) 2
tector banks of GEM—each covering a different-spacing thjs equivalence in structural parameters between SBés
range—to be refined simultaneously. X-ray diffraction pat-ang EuMRGe, provides clear evidence that Eu ions are in
terns confirmed that both samples crystallize in thethe EF* valence state in EuMiBe,, in agreement with
ThCr,Si,-type structure, as expected. In conjunction with theearlier findings(e.g., Ref. 6. The arrangement of magnetic
neutron diffraction measurements, it is estimated that smallmoments on the Mn sublattice shown in FigbRis similar
level impurity phases are present in both samples. For exo the magnetic structure found in the earth alkaline interme-
ample, ~2%-3% EuO is present it**EuMn,Si, with  tallic compounds CaMyGe, and BaMnGe,.° In light of
~2%-3% EuO present if®EuMn,Ge,. Given the low the common 2 valence state for the CaMBe,,
level of these impurity phases and the need to simultaneousBaMn,Ge,, and EuMBGe, compounds and given the small
refine the crystal and magnetic structures, these phases weregnetization for EuMsGe,,?? Malamanet al® noted the
not included in the Rietveld refinements. possibility of antiferromagnetic(001) Mn layers in
EuMn,Ge,, as established in the present experiments.
The Neel temperature of EuMiGe, is above the highest
IIl. RESULTS AND DISCUSSION temperature, 623 K, aecessible to us within the Iimited_ tim_e
available for our experiments. Nonetheless, as shown in Fig.
As described below!**EuMn,Ge, was found to exhibit  2(b), by fitting the refined magnetic moment values to the
more straightforward structural and magnetic behavior comexpression u(T)=x(0)[1— (T/Ty)1%,% a value of Ty
pared with>**EuMn,Si,. We therefore consider the results =667(9) K is obtained with.(0)=3.43(4) ug and fit pa-
and analysis of thé>¥EuMn,Ge, sample first in the discus- rametersd=2.7(3) ande=0.363). This expression was
sion. chosen as a convenient empirical function to represent the
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FIG. 1. Rietveld refinements to the time of flight neutron powder diffraction patterbS®fiMn,Ge, at 398 K. Diffraction patterns are
shown for the 17° banka) and the 90° bankb) of the diffractometer GEM, ISIS with the patterns repeated in Figs. dnd Xd). The
refinement ina) and(b) represents the fit to the ThgSi,-type structure and is intended to draw out the magnetic scatteri?dgoMn,Ge,
at this temperature. The refinements() and (d) represent the refinement to the axial antiferromagnetic structur®¥uMn,Ge, [Fig.

2(b)], as described in the text.

trends of the data. The refined magnetic moment on the Mfor magnetic ordering of Eu in EuMGe, down to T

atoms was determined to bg,,=3.41(7) ug at 1.8 K. This
relatively high value for the Mn moment in EuMBe, com-
pared with that typically found in such Thg3i-type com-
pounds, is consistent with the values of 2.67(h) and
3.66(3) ug found for CaMnGe, and BaMnGe,, respec-

=1.8 K. The small fraction~2%—-3% of EuO (ferromag-
netic with T.~ 76 K°) detected from the neutron diffraction
patterns of our®*EuMn,Ge, sample did not influence the
crystallographic or magnetic structural refinements of the
1-2-2 phase. On the other hand, small fractions of strongly

tively, at 2 K!'® This behavior can be correlated with the magnetic impurity phases can contribute disproportionately

Mn—Ge distances and the nature of this béhd.

to the magnetization measurements of weakly magnetic sys-

The present findings disagree with earlier magnetizationems. In summary, it is concluded that Eup@e, exhibits
and Masbauer effect measurements that claim antiferromageollinear antiferromagnetism below a'gletemperature of
netic order for the Mn sublattice below a first-order transitionT=667(9) K rather than canted antiferromagnetism with a

temperaturd y~302 K.° As indicated above, the present re- first-order transition al =302 K, as proposed previoudly.
sults demonstrate clearly the occurrence of antiferromagnetic

scattering at 398 KFig. 1), which persists to the continuous

magnetic transition afy=667(9) K (Fig. 2). The possibil-
ity of observing magnetic ordering of the Euions in the

B. EuMn,Si,: Magnetic structure

Figure 3 shows the neutron diffraction patterns of

present neutron experiments was also of strong interest>®uMn,Si, at 673 and 7 K. Several additional magnetic

Based on their magnetization measurements, Naivik 822
reported ferromagnetic ordering of the Zuions below a

transition temperature of -~ 13 K. By comparison, in the cell

contributions to reflections of interplanar spacing values
down tod~1 A can be indexed on the basis of a tetragonal
of lattice constants a=3.96442(3) A and c

present set of eight neutron diffraction measurements from=10.5039(2) A with the main magnetic reflectiorig11),
30 to 1.8 K, no evidence, either by way of enhancement in113), and (201), marked in the low-temperature pattern of

the scattering at nuclear peak positigeee Fig. 2b)] or by

Fig. 3. These magnetic reflections indicate thiEuUMn,Si,

the occurrence of additional magnetic peaks, was obtainedrders in a collinear antiferromagnetic arrangement of ferro-
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present results also show good agreement with the magnetic
flection associated with the antiferromagnetic ordering of the Mnhypgrflne field valges determl.negfrom thefFe MO:."Sbal.Jer
sublattice as a function of temperature. Graphs of the variations o§tud|es of EuMBSi, .doped with>'Fe. The hyperfine field

the intensities of the nucled200) and (110) reflections with tem-  values were normalized to the moment on the Mn atoms at
perature are shown for comparisaib) The variation of the Mn  the common measuring temperature of 150 [y
magnetic moment value of EuMBe, with temperature. As dis- ~12 T,upmn(150)=1.90(2) ug], corresponding to a conver-
cussed in the text, the data were fitted to the expresgi6f)  sion factor of 6.3 Tug *. On the other hand, no evidence was
=p(0)[1—(T/Ty))® leading to Ty=667(9) K and u(0)  found in the present experiments for reorientation transitions
=3.43(4)ug - The full line represents the fit to the data with ex- j EuMn,Si, at 107, 65, and 32 K, as reported previOLsty.

trapolation toTy. The open circles represent the E6 data and theg;5ed on their magnetization measurements Nastikl &
filled circles the GEM data. The_aX|aI antlferrpmagnetlc structure Ofreported a canting angle with respect to thexis of only 6°
EuMn,Ge, below Ty=667 K is also depicted(space group

14’ /m’ m’m) at 5 K; should such canting occur, it would correspond to an
: additional Mn component in thé€110 plane of around
~0.2ug, below the detection limit of our neutron diffrac-
magnetic (001) Mn layers coupled antiferromagnetically tion experiments. In summary, EuMBi, exhibits the collin-
along thec axis with the Mn moments directed parallel and ear antiferromagnetic shown in Fig. 4 belowy
antiparallel to thec axis, as shown in Fig. 4. The magnetic =391(5) K, with no evidence for reorientation effects on
space group of>**EuMn,Si, is I,4/m"m'm’ and refinement the Mn sublattice, as proposed previously.
of the pattern aff~7 K leads to a moment value @iy, It should be noted that the magnetic structures exhibited
=1.97(2) ug . As indicated in Fig. 3, the quality of the fitis by EuMn,Ge, and EuMBSI, are consistent with the in-plane
good with ay? value of~2.0. Figure 4 also shows the varia- magnetic coupling expected from their intralayer separation
tion of the Mn magnetic moment values of EupBi,  distances,dyn_wn. AS summarized by Venturinet al,?®
(closed symbolswith temperature. An analysis of the mo- RMn,Ge, and RMnSi, compounds with dy,_un<
ment data to the expressiop(T)=w(0)[1—(T/Ty)"]® ~2.86 A have ferromagnetically coupled Mn planes,
leads to a Nel temperaturd y=2391(5) K for *>*cuMn,Si,. whereas with dy,_un>~2.86 A, antiferromagnetic or
This value is in good agreement with the dléemperature mixed Mn planes are obtained. Eup@e, with dyn_mn
Tn=395 K, determined by Nowilet al® from their magne- ~3.0 A at room temperature exhibits the expected antiferro-
tization and Mwsbauer effect studies of EuMBi,. The  magnetic coupling within the Mn plan¢Big. 2(b)], whereas

FIG. 2. (a) Graph of the intensity of th€101) superlattice re-
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EuMn,Si, with dy,_wn~2.81 A at room temperature exhib-
its ferromagnetic coupling within the Mn planes, as expected
(Fig. 4).

C. Valence transition

As explained elsewhere, both theEu and the'>*Eu iso-
topes are suitable for isomer shifts measureme@snse-
quently, intermediate valence effects in several Eu system:
have been investigated by'Eu Massbauer studies. In the
case of EuMBSi,, as shown in Fig. &), the ®'Eu isomer
shift measurements reveal a valence transition from trivalent
Eu for T<~90 K to an intermediate valence state for Eu at =
high temperatured,> ~ 600 K.° As discussed below, the va-
lence transition in this EuMyBi, sample is centered around
T,~496 K.

Clear evidence for a thermally driven change in the va-
lence state of EUMySI, is also revealed by the refinements
to the present neutron diffraction patterns6fEuMn,Si, .

It has been pointed out that in the ThSh-type structure,

the a lattice parameter is largely determined by the size of
the rare earth ion, while thelattice parameter depends upon
the transition metal—silicon distances. However, in Eu-based
compounds with the ThG®i,-type structure, it is not

=
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FIG. 5. (a) The ®'Eu isomer shift of EuMgSi, (closed symbols,
Ref. 6 with the full line representing our fit to the data using the

uncommon that both lattice parameters are determined bM:F model(Ref. 15. Also shown is the derivative of the ICF fit to

the Eu valencefe.g., in the EuNi(Si,_.Ge), serieg’].
In the current®EuMn,Si, studies, thea and c lattice

the isomer shift data, leading to a valence transition temperature of
T,~496 K. (b) The a lattice paramete(O; left scalg and thec

parameters are found to show similar changes with temperagtiice parameterfA; right scale of 153 Mn,Si, along with the
ture [Fig. 5@)], with the unit cell volume of***EuMn,Si;  unit cell volume(®) as a function of temperature. The dashed line
increasing by~7% from 300 to 723 KFig. 5b)]. We have  shows the lattice expansion derived from a fit to the low-
applied the interconfigurational fluctuati¢fCF) modet*'®  temperature dataT(<150 K) based on the Einstein model as de-
to the analysis of the volume changes resulting from thescribed in the text.
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temperature-induced valence transition in a concentrated Ei
compound for the first time. This extension of the ICF model
to include the effects of cooperative phenomena has alsc
been used successfully to account for the temperature
induced valence transition in Euf®l,, as monitored by
151Ey isomer shift measuremerifsand the temperature and
field-induced valence transitions in Eu@PgPt),Si,” and
EuNi,(Si;_,Ge&), as monitored by magnetic susceptibility
and high field magnetization measureméhts.

In the ICF model, the rare earth ions are described as
fluctuating in time between two configurations, with each
configuration being characterized by a different integral oc-
cupation of the 4 shell. Assuming a Eli ground state, the
ratio of the occupation probabilities of the Huand Ed*
states, represented Ipy and ps, respectively, is given by

AV, MA)

P2 8 ex — Eq /kT*]
ps  1+3exd—480T*]+5 exq —1330M* ] +---’

.Y

wherep,+p;=1, 480 and 1330 K are the energies of the
first (J=1) and secondJ=2) excited spin—orbit states of
the EG" configuration andE,, is the excitation energy re-
quired to convert an B configuration into an E& con-
figuration. T* = \/T2+T2F takes account of the energy level
broadening(of magnitudeT;) due to hybridizatiort® The
relatively sharp transitions exhibited by both the isomer shift 0 100 200 300 400 500 600 700

and the volume data indicate that cooperative interactions TIK

take place among the Eu charge fluctuations in this concen-

trated Eu compound. The data were therefore analyzed, as- FIG. 6. (a). The valence-induced volume changes in
suming that the excitation enerd¥,,, depends on the prob- *3%uMn,Si, as a function of temperature, with the full line repre-
ability for the valence statp, asE.,=Ey(1—ap,), where  senting our fit to the data using the ICF modfs described in the
E, represents the average excitation energy-ad K for all text. The derivative of the ICF fit to the volume data due is also
atoms andw is the average interaction paramé{éAn im- shown, leading to a valence transition temperaturd pf 527 K.
portant aspect of our analysis is a separation of the normaP) The variation ofp;“(T), the occupation probability of the Bt
lattice expansion from the measured unit cell volume in or-State resulting from the volume chandésll line; left scalg along
der to isolate the valence-induced changes. The dashed liféth the average valence values,"Bqfull line; right scalg for the

in Fig. 5(b) represents the lattice expansion fit for data up tothermally driven valence transition #H*EUMN,Si, . The equivalent
T~150 K using an Einstein expression of the foNi(T)
=V +Kg/(exp(Tg/T)-1), whereT is the temperaturd is
the Einstein constant, andz is an effective Einstein
temperaturé® The Einstein model was chosen as a conve-<creasing temperature, as expected. The variatiqnﬁ?ﬁ(T),
nient method of describing accurately the volume expansiothe occupation probability of the El state resulting
data and leads to the fit parametev¢0)=165.578(6) X; from these volume changes with temperature, along with the
Te=249(35) K and Kg=1.2(3) A%. The net volume average valence values, Y for the thermally driven va-
change, AV,,(T), due to the thermally driven valence lence transition in**uMn,Si,, are shown as full lines in
change can be expressed in terma\df= (V2" —V3*), the  Fig. 6(b).

difference in volume between the Euand EG* configura- The full line through the data in Fig.(& shows our
tions, asAV,,(T)=p, AV, wherep, is defined in Eq(1).  analysis of the"Eu isomer shift datdthe isomer shift val-
The optimal fit to the valence-induced volume chanjdég.  ues of Ed"=0.5 mm/s and B2 = —10.1 mm/s were taken
6(a)] leads to Eq=1656(2) K, Tg=56(2) K, and « from the data of ®EuMnSi, and ®EuMn,Ge,,
=1.09(1) with a fitted value for the difference in volume respectivel§). This leads to the fit parameters d,
between the EAI and E&" configurations of AV~ =1600(10) K;T;=104(2) K; a=1.12(2) (by comparison,
=18.18(5) A. The derivative of the ICF fit to the volume Nowik et al® derived the value€,=1610 K anda=1.35,
data shown in Fig. @) leads to a valence transition tempera- T value not given, in their analysis of the isomer shift gata
ture of T,~527 K for the present>**EuMn,Si, sample with ~ The derivative of the present ICF fit to the isomer shift data
a full width at half-maximum for the derivative curve of [Fig. 5@)] leads toT,~496 K, similar to the valueT,
AT~150 K. The asymmetry in this latter curve demonstrates~527 K determined for the presetf®EuMn,Si, sample. As
that the valence transition proceeds more rapidly with in4s evident from Fig. &), thep,(T) and average Fdl values

p,(M

Equ

22
P, (T) 1

120

p5(T) and EV? values(dashed linesderived from the fit to the
Mossbauer isomer shift data of Figabare also shown.
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FIG. 8. (a) Graphs of the Mn magnetic momef. Fig. 4 and
T T _i 3 i
1.60 1.54 1.68 112 116 the valence-induced volume chandég. 6(@)] of EuMn,Si, as a

a function of temperature(b) The variation of the linewidth of the
lonic radii R™ [A] (110 reflection(expressed in terms of the interplanar spacihof
EuMn,Si, as a function of temperature. The dashed line shows a

FIG. 7. (a) Values of thea lattice parameters of the RM8i, Gaussian fit to the data to act as a guide for the eye.
and RMnGe, series at room temperature as a function of thé R

ionic radii?! The lattice parameters values for the Eu compounds ) ) .
are derived from the current measurements, the Yb data om, Structure are determined predominantly by the radii of the
with the other data taken frofn(b) The Neel temperatures of rare earth atoms, this deviation in tizelattice parameter
RMn,Si, intermetallic compounds derived from the literature, e.g.,provides strong evidence for a change in the valence state of
Refs. 14, 19, as a function of the’Rionic radii. The dashed line Eu from the predominant trivalent-like behavior of
shows the trend of the average éléemperatures for the RM8i, EuMn,Si, at room temperature to a mixed valence or even
series, as discussed in the text. divalent state in EuMgGe,. In a similar manner, the rela-
tively large cell parameters of YbM@Ge, [Fig. 7(a)] indi-
determined from changes in the volurtiall lines) and iso-  cates a larger Yb radius than that expected of a trivalent Yb
mer shift (dashed linesshow good agreement for the ther- ion, with an analysis leading to a Yb valence state of about
mally driven valence transition in EuMSi,. 2.35 in YbMn,Ge, at room temperaturé.

Figure {a) shows a comparison of the lattice param- As is evident in Fig. ), EuMn,Si, exhibits a relatively
eters for EuMBSi, and EuMBGe, at room temperature with low value for its antiferromagnetic ordering temperature,
the a parameters for other compounds in the R®ia and  Ty=391 K, compared with the N temperatures exhibited
RMn,Ge, series as a function of the’R ionic radii given in by the trend of neighboring RM®i, compounds. Further
Ref. 21. These results allow the predominant difference irsupport for this indication that the magnetic transition in
the Eu valence states of EulyBi, and EuMnGe, to be  EuMn,Si, is inhibited by the valence change is provided by
distinguished. In particular, the trends of the RIS data  Fig. 8(a), which shows the temperature evolution of both the
demonstrate that EuMBi, is consistent with a predomi- Mn magnetic momentdata reproduced from Fig) 4nd the
nantly trivalent-like behavior of the Eu ion at room tempera-valence-induced volume chanfféig. 6(@]. Given the excess
ture, whereas the significant deviation for EW®, from  volume associated with the valence transition and the re-
the trend of the lattice parameter data for RI@®, reflects a  duced valence state of EuMBi, at high temperatures, as
nontrivalent Eu state. As noted above, given that the dimendiscussed abovid-ig. 5b)], this excess volume is caused by
sions of the basal plane in this tetragonal Tjfiy-type the changing electronic configuratidief. e.g., Fig. @b)],
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which, in turn, inhibits the magnetic ordering of the Mn sub- Mn moments directed parallel and antiparallel to thaxis
lattice. The Nel temperature of EuMySi, appears to have (Fig. 4; space groupy,4/m’m’m’). Contrary to the findings
been reduced by~10%-15% compared to the value of of magnetization measuremefitshere is no evidence for
~450 K derived from the extrapolation af, for the neigh-  ordering of the Eti? ions in EuMnGe, down to 1.5 K.
boring rare earth intermetallics. This correspondingly indi- The valence-driven volume changes in Ey®n [Fig.
cates that the exchange interaction parameter in E@ims  6(a)] have been analyzed for the first time in terms of the
reduced by~10%-15% as a result of the valence changeinterconfigurational fluctuation model, extended in order to
The correlation between the loss of antiferromagnetic ordetake the effect of cooperative phenomena into accttiht.
and the onset of the volume changes aroligd-as is evi-  This leads to a valence transition temperaturd pf 527 K
dent in Fig. 8a—indicates that the magnetic transition is and occupation probabilitiepsY(T), for the EZ* state, in
probably initiated by changes in the conduction band strucgood agreement with theJQS(T), curve determined from our
ture caused by the drastic changes in the Eu valence. Furthgsanalysis of earliet>EuMn,Si, isomer shift data]Fig.
evidence of the structural changes occurring in Ep$tnas  g(b)]. The average @ values determined from the volume
a result of the thermally driven valence transition is providedand isomer shift changes are also in good agreerffegt
by Fig. &b), which shows the variation of the linewidth of 6(b)], thus demonstrating the applicability of the intercon-
the (110 reflection as a function of temperature. Here thefigurational fluctuation model in enabling valence changes
peak in linewidth occurs aroundl,~527 K, reflecting the induced by volume changes in Eu and related compounds to
significant lattice strains present in Eub8, as the valence pe determined. The change in the electronic configuration of
transition occurs. EuMn,Si, resulting from the thermally induced valence tran-
sition reduces the magnetic interaction parameter for antifer-
IV. CONCLUSIONS romagnetic ordering of the Mn sublattice byl0%—15%.

The magnetic structures of EuM@e, and EuMnSi,
have been determined by neutron diffraction measurements
(~1.8-723 K on samples prepared with the low neutron SJC acknowledges renewal of his Alexander von Hum-
absorption isotope>*Eu. The Mn sublattice of EuMiGe,  boldt Research Fellowship during his stay at the Technische
has magnetic moments pointing in opposite directions alon@niversita Munchen. SJC also acknowledges support from
the c axis below a Nel temperature oTy=667(9) K[Fig.  Access to the Major Research Facilities Program, Australian
2(b); space group4’/m’m’m]. EuMn,Si, also displays col- Nuclear Science and Technology Organization. This project
linear antiferromagnetism below its ordering temperature ofs supported in part by the award of a Discovery Grant from
Ty=391(5) K with ferromagnetically coupled00l) Mn  the Australian Research Council. We thank BENSC, Hahn-
layers coupled antiferromagnetically along thaxis and the  Meitner-Institut, Berlin for access to the E6 diffractometer.
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