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The interplay between the crystallographic structure, valence state, and lattice dynamics of the series
EuRh(PAs;_,), (x=0, 0.5, and 1has been investigated using x-ray diffraction, th#¥u Mossbauer effect,
and the®Eu nuclear inelastic scattering of synchrotron radiation, respectively. We show that the first-order,
isostructural phase transitior (phase- 8 phase), which occurs at~0.85, is not connected with a change
of the E¥™" valence state but is associated with a significant modification of the Eu partial phonon density of
states(PDOS. Lattice dynamical calculations on EuRR,As,_,), show that the observed change in the
PDOS can be attributed to the structural change at the phase transition.
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In recent years there has been a continuous interest MhCr,Si,-type structure in the whole concentration range.
investiging the ground-state properties of systems in whiclThis system is an excellent candidate for such a study, since
lattice and electronic degrees of freedom are intimately conit undergoes an isostructural phase transition by increasing
nected. Known examples arel &nd 4d transition-metal ox-  the P concentratiorii.e., decreasing the unit-cell volume
ide systems such as LaSrMnO; (Ref. 1 and above a critical concentration~0.85(Ref. 10. This phase
Ca, _,SrRuO, (Ref. 2. Another interesting class of systems transition is associated with a sharp decrease of the volume
which reveals strong electronic correlation effects is the clasgf about 9%, which suggests a composition-induced struc-
of rare-earth(R) transition-metal (T) phosphidesRT,P,  tural phase transition from a nonbonding P-P statehase
which crystallize in the tetragonal ThSi,-type structure. for x<0.85) to a single P-P bond state in EyRj (3 phase
In these compounds structural phase transitions of first anfbr x>0.85).
second order with extremely anisotropic changes of the lat- |n this work, using x-ray diffraction, thé>'Eu Massbauer
tice parameters can be easily induced by changing the congffect (ME), and the®*Eu nuclear inelastic scatteriniy!S)
position (EuRh_,CoP,, Ref. 3, temperature (EuRF,,  of synchrotron radiation, we were able to investigate the in-
Ref. 4), or applying external pressure (EuBp, Refs. 5,6.  terplay between such a structural instability, the valence state
Such a structural instability is due to the existence of twoof Eu, and the lattice dynamics in EURR,AS;_,),. We
extremely different P-P distances along thexis which re-  show that the first-order, isostructural phase transitior.at
sult in two isostructural phases: thephase for a large P-P ~0.85 is not connected with a change of the Ewalence
distance @p.~2.8 A) with a nonbonding P-P state and the state, but it is associated with a significant modification of
B phase for a short distancel{~2.3 A), forming a P-P  the Eu partial phonon density of stat®@DOS. We further
single bond state. The interplay between such structuradhow from lattice  dynamical calculations  on
phase transitions and electronic and magnetic phase trangtuRh,(P,As;_,), that such a change of PDOS of Eu can be
tions has been recently demonstrated by high pressure egxplained by the structural change at the phase transition.
periments on EU,P, (T=Fe,Co)®’ the pressure-induced High quality samples of EuR(PAS,_,),, 0=x=<1,

a— B structural transition is associated with a valencewere prepared as described in Ref. 3. X-ray diffraction mea-
change from magnetic Eli to nonmagnetic Eli and the  surements were performed at 300 K using ICa radiation
disappearance of the Euf}sublattice magnetism is accom- with a Siemens D5000 diffractometer in Bragg-Brentano ge-
panied by a simultaneous appearance of Co)(S8ublattice ometry. The analysis of the room-temperature x-ray diffrac-
magnetism. Also band-structure calculationsRoR,P, com-  tion data shows that all samples are single phase of the body-
pounds reveal that ther— 8 structural phase transition centered tetragonal Thg3i,-type structure(space group
strongly affects the electronic structure of these sysfetms. 4/mmmn). % Eu ME measurements as a function of concen-

In this respect, a central issue which has to be addressedtimtion and temperature were performed using a 100 mCi
whether and to what extent the— 3 structural phase tran- 1*!SmF; source which was kept during the measurements at
sition is related to a corresponding change of the dynamicahe same temperature as the absorbers. The setup for the NIS
properties of the lattice. To provide an answer to this fundaexperiment at the undulator beamline ID22N of the ESRF,
mental question, we have investigated the structural, eledsrenoble, consisted of a high heat-load monochromator that
tronic, and lattice dynamical properties of the seriesreduced the energy bandwidth of the 21.542 keV radiation to
EuRh(PAs; )2, 0=x<1, which crystallizes in the AE~3.5eV and delivered an x-ray beam with an intensity
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FIG. 1. Lattice parametera and ¢ of EURh(PAs;_,), at T E 0.94
=300 K plotted against the phosphorous concentrationThe =
dashed lines are guides to the eye. ~ 100
: 11.00
of ~10* photons/s. The beam was further monochroma- 0.98
tized to AE~1.3 meV by a nested high-resolution mono- 1] =1 10.98
chromator(HRM) using an asymmetric 8 4 0) and a sym- 0.96 i 8-ph
. . . . ) . . : -phase
metric S{12 8 § reflection, combined with a collimating Be 094 iy ’ L0.96
compound refractive len$7**The resultant intensity of the ' ‘ 00K | 42K
beam at the sample was6 x 10’ photons/s at a storage ring -30-20-10 0 10 20 30 40 -20 0 20 40
currentl sg=90 mA. The samples were mounted on a cold Velocity (mmy/s) Velocity (mm/s)

finger of a He-flow cryostat. The delayed photons of the .

nuclear deexcitation were detected by an avalanche photodi- FIG. 2. Massbauer spectra of EURIP,As, ), for x=0, 0.5,
ode (APD) detectort® In order to cover a large solid angle, and 1, at room .tempera.\ture an.d 4.2 K. The f:lrcles represent experi-
the APD was placed directly under the sample, outside of th&'€ntal data points, while the lines are the fits.

cryostat.

The concentration dependence of the lattice constants magnetic hyperfine splitting due to the ordering of the Eu 4
and c of the series EuR}{P,As;_,), is plotted in Fig. 1. moments at low temperatures. This is not surprising since
Starting from EuRbpAs, (a phase,x=0), one observes both EuRBAs, and EuRBP, display antiferromagnetic or-
upon increasing of the P concentratiof a smooth decrease der belowTy~50 K (Ref. 15. However, the magnitude of
of a and a slight increase af. At a critical concentration the hyperfine splitting, i.e., of the effective hyperfine field
X.~0.85 one finds an abrupt, slight increaseeao{Aa/a Bei, at the Eu nuclei for EURMP, (B phasgis clearly larger
~2.5%) and a very large decrease ©f Ac/c~12.5%). than that for samples in the phase x=0 and 0.5.

Above X, the lattice constanta and c decrease smoothly In Figs. 3a)—3(c) we show the variation of all ME pa-
with increasing P concentration up to=1 (EuRhP,, B rameters §, AEq, andBy) atT=4.2 K as a function of the
phasé. Such a strong anisotropic change of the lattice conP concentration. As evident from the figure, all ME param-
stants ax. indicates that the transition from theto the3  eters show an abrupt change at the critical concentration
phase is associated with a change from the nonbonding state0.85 for thea— B structural phase transition. A detailed
for 0=<x=0.85 (for EURRAS,, das.as=2.97 A) to a single  quantitative analysis of the concentration dependence of the
bond state for 0.85x<1 with dp_p=2.30 A for EURBP,. ME parameters will be published elsewhétéiere, we only

In order to find out whether the isostructueal 8 phase  discuss the stability of the valence state of Eu atdhe 8
transition in EURB(P,As; _,), is connected with a change of phase transition. As we mentioned abgsee also Fig. @],
the valence state of Ei.g., Ed" —EU** or an intermediate there is a large increase of the isomer shifkat 0.85. We
valence state we have performed systematit®’'=u ME  attribute such an increase 8f[from —11.3(1) mm/s forx
measurements on several samples wighx@1 at tempera- =0 to —7.6(1) mm/s forx=1] to the volume collapse at
tures between 300 K and 4.2 K. In Fig. 2 we show somehe a— g phase transition. A change of the valence state
typical ME spectra in ther phase k=0 and 0.5 and the  from EL** to a EG" (nonmagnetigstate at ther— 8 phase
phase x=1) collected at 300 K and 4.2 K. At 300 K all transition is ruled out by the observation of long range mag-
samples show a single absorption line with a small asymnetic order in all samples in th@ phase. Also an intermedi-
metrical broadening due to an unresolved electric quadrupolate valence state of Eu in th@ phase (EuR}P,) can be
splitting (AEg). The position of the absorption line for excluded by the following argument. the temperature-
samples in thew phase ¥x=0 and 0.5 corresponds to an induced change of the isomer shift between 4.2 and 300 K is
isomer shiftS=—11.3(1) mm/s, typical for a Ei state, found to be ofnegativesign and very weak dS/dT~—6
and is shifted towards more positive velociti€sS X 10~* mm/s/K for EURBP,). Such a negative sign clearly
=—-7.6(1) mm/§ for the sample in the 8 phase indicates thatthe electron density at the Eu nucleus decreases
(EuRh,P,, x=1). This indicates a lowes electron density with increasing temperature and this is caused by the thermal
at the Eu nucleus in the phase compared to that in tife  lattice expansion rather than by a thermal admixture of the
phase. At 4.2 K the ME spectrdor all samples show a Eu*" configuration into the B ground state. In the latter
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FIG. 3. Variation of the hyperfine parameters &f'Eu in
EuRh(PAs,_,), at T=4.2 K as a function of the phosphorous
concentratiorx as results from the ME measuremen@: isomer
shift S (b) quadrupole splitingAEq; (c) hyperfine magnetic field

B formed on EuRpP, at T=4.2 K in the magnetically ordered
eff -

phase do not show any difference with respect to the 100 K
measurements. This indicates that the partial DOS of Eu is
not affected by the ordering of the Eumagnetic moments.
The phonon DOS can be obtained from the measured spectra
a simple iterative procedure as described in Ref. 20. Fig-
ure 4 shows the Eu PDOS for the three compounds under
study, as extracted from the NIS spectra measured at

case one finds positiveand largedS/dT (Ref. 17. Further-
more, we find that the N temperature of EuRR, in-
creases with increasing pressure up to about 4 GP
(0Tn/dp=2 KIGPa, Ref. 1§ suggesting local moment be-
havior as expected for a stable Eustate’® These experi-

mental findings clearly show that the isostructural- 8 =100 K. The PDOS of EURMAS, (& phase shows a domi-
phase transition if EuBEPAs; ), is not connected with @ nant peak at an energy of 10.5 meV. The substitution of 50%
change of the Eii" valence state. As by P induces a small decrease of the unit-cell volume

To gain a deeper insight into the nature of the lattice dy(~2.5%), as can be deduced from Fig. 1. However, no
namics at thea— B phase transition we have performed change can be observed within the experimental accuracy in
SEy NIS measurements on the three compounds with the positon of the peak in the Eu PDOS of
=0, 0.5 (@ phasg, and 1 (8 phasé. The NIS technique isa EuRh(PysAsys), as compared to EuRAs,, but only a
powerful tool to directly determine the partial phonon den-slight broadening of the peak at 10.5 meV. On the other
sity of states of Mesbauer nuclei in a given system, which is hand, following the «— 3 phase transition, the PDOS
particularly useful at phase transitiotsin our case we can changes significantly. The main phonon peak of EARI{3
experimentally determine the Eu PDOS and therefore diphase is shifted to higher energied3.5 me\f and a pro-
rectly relate the structural changes at the> 8 phase tran- nounced shoulder appears at even higher energies
sition with the phonon frequencies of Eu atoms in these lat{~16 meV).
tices. The measured spectra are shown in the insets of Fig. 4. The experimental PDOS can be analyzed within harmonic
In order to sufficiently suppress multiphonon scattering, thdattice dynamics. Since the phonon data are restricted to the
measurements have been performed at low temperdture Eu PDQOS, it is not possible to refine a lattice dynamical
=100 K in the paramagnetic phase. Measurements pemodel. Instead, force constants and potential parameters
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were estimated from the comparison with structurally relateccompletely attributed to the structural effect: the shorter bond
borocarbide$" and with LaNi and CeNf? A simple model  distances between Eu and its neighbors inghehase yield
with two force constants per atom péiadial and transver$e stronger forces.

was developed. For all shells with Eu Born-Mayer potentials  |n conclusion, the interplay between the structural insta-
[V(r)=Ae ""0] were used to determine the force constantspjlity, the valence state of Eu, and lattice dynamics in
This allows us to simulate the effect of the structural changg=yrn,(P,As,_,), have been investigated using x-ray dif-
on the Eu-phonon modes. However, the model should bgaction, the 1>iEu Missbauer effect, and th&'Eu nuclear

considered as extremely poor concerning any Rh or P/Age|astic scattering of synchrotron radiation. It is shown that
contribution. Using the structural parameters as determineghe first order. structural phase transitiona phase

by the x-ray diffraction measurements one can get a satisfac;B phase) ak.~0.85 is not accompanied by a change of
tory description of the Eu PDOS of EuRks, (see Fig. 4 the E@* valence state but is associated with a significant
With the same Eu potential we calculate the Eu PDOS forngification of the Eu partial phonon density of states. The-
EuRhP, just by changing the structural parameters. Thisyretical calculations on samples in thephase k=0) andg

EuRh,P, model is in reasonable agreement with the eXperiphase k=1) reveal that such a large change of the PDOS

mental PDOS of Eu although the difference to E@R% is 4 be completely explained by the structural change at the
rather strong. In particular, the strong hardening of the ELbhase transition.

phonon spectrum and the large asymmetrical broadening of
the single peak at the— g phase transition are well repro-  This work was financially supported by the Deutsche For-
duced by this model. These phenomena can therefore Ehungsgemeinschaf8FB 608.
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