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We have used®’Au Méssbauer spectroscopy along with both neutron and x-ray diffraction to search
for site disorder and noncollinear magnetic ordering in B8 There is no evidence of a
transferred hyperfine field at the Au site down to 1.7 K allowing us to rule out both collinear
antiferromagnetic order and spin-glass ordering of the Pr moments. Full-pattern Rietveld refinement
of both neutron and x-ray diffraction data taken over a wide angle range allows us to exclude Au/Si
site disorder at the 1% level. We conclude that the Pr moments do not order above 1.7 K in
PrAu,Si,, and that the susceptibility peak is likely a dynamic effect2@5 American Institute of
Physics [DOI: 10.1063/1.1850271

Frustration and disorder are necessary, but not sufficient, There are two problems with this solution to the frustra-
minimum ingredients for any spin glab$jowever two sto- tion problem. First, it is not clear that 10% site disorder
ichiometric compound§URh,Ge, (Ref. 2 and PrAySi,  could yield sufficient frustration to lead to SG ordering as the
(Refs. 3-5] have been proposed as potential exceptions. Ithresholds for both boffdand sité® frustration are~25%.
both cases, some form of site disorder has been invoked t®econd, the observed phase diagram for this S)?sixemot
provide the randomness essential for the formation of a spinonsistent with the effects of steadily increasing frustration.
glass. Unfortunately, while the concept of “spin glass” isNeither bond nor site frustration leads to an abrupt loss of
well defined, and the minimum requirements for such orderfong-ranged order. A second transition appears in both cases
ing to be possible are clear, demonstrating that a spin glagsefore the spin glass is reach®dA more recent muon spin
state does indeed occur in a given material is not trivial.  relaxation(uSR) study of the same materials offers an in-

The PrAy(GeSi;-,), alloy system provides an excellent triguing solution to the problem. Noakes al. found no evi-
place to investigate the possibility that a spin glass can formience forstatic order down to 40 mK in PrA48i,, suggest-
in a chemically ordered compound: the changes in magnetiing that the Pr moments remained dynamic at temperatures
properties from antiferromagnetiéF) to spin glass(SG)  well below T;~ 3.2 K
can be followed at constant structure as the alloy composi- We have used®’Au Méssbauer spectroscopy and revis-
tion is changed. A neutron diffraction and susceptibility ited the x-ray and neutron diffraction data on this system in
study’ showed that the simple AF-I-type ordering of the order to address two key questior®: what, if any, is the
germanid&® observed beloly~12 K atx=1 was lost for  nature of the Pr ordering#) what level of chemical disorder
x<0.2, while a susceptibility cusp persistedto0>’ Given s present in PrAsSi,?
the smooth evolution in characteristic temperatucesived The samples of PrayiGeSi;_,), (x=0, 1) used here are
from susceptibility dataand the absence of additional mag- those previously prepared and studied by Krimraelal 3
netic reflections in the neutron diffraction patterns for Basic magnetic characterization was carried out using a
<0.2, it was natural to propose that the stoichiometric comQuantum Design PPMS magnetometer with a 9 T magnet
pound, PrAySi,, exhibits spin-glass ordering beloW;  operating between 1.8 and 300 K. Our results are fully con-
~3.2 K® However, it was recognized that some form of sistent with those previously published on the same
disorder was essential to this argument. It is clear that thgamp|e§_ X-ray diffraction data were obtained on powder
body centered tetragondThCr,Si,-type 14/mmm crystal  samples with a conventional @&, diffractometer. Neutron
structure supports AF ordéat x=1) and that this structure diffraction measurements were made using the C2 multiwire
does not change with. Analysis of the intensities of two powder diffractometer on NRU at the Chalk River Laborato-
low-order peaks in the neutron scattering patterns led to thes, Ontario. Temperatures down to 3.6 K were obtained
suggestion that about 10% ABi,Ge site disorder was ysing a closed-cycle refrigerator. Both x-ray and neutron dif-
present in all samples and that while it did not destroy the ARraction data sets were fitted using th@SAS/EXPGUI
order in the Ge-rich alloys, it did provide sufficient frustra- package? 197Au Méssbauer sources were prepared by neu-
tion in the Si-rich alloys to lead to the spin-glass ordering. tron activation of %t foils in the SLOWPOKE reactor at
Ecole Polytechnique, Montréal to yield about 1 GBq of the
3Electronic mail: dhryan@physics.megill.ca 19 h ¥Pt. The spectrometer was operated vertically with

0021-8979/2005/97(10)/10A908/3/$22.50 97, 10A908-1 © 2005 American Institute of Physics

Downloaded 02 May 2005 to 132.206.9.182. Redistribution subject to AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp


http://dx.doi.org/10.1063/1.1850271
http://dx.doi.org/10.1063/1.1850271

10A908-2 Ryan et al. J. Appl. Phys. 97, 10A908 (2005)

Absorption
Absorption

PrAu

| | | | | | |
-10 0 10 -10 0 10
Velocity (mm/s) Velocity (mm/s)

FIG. 1. 1Au Méssbauer spectra of Au metal, Pr/@e,, and PrAySi, FIG. 2. 1%Au Méssbauer spectra of Pra%i, measured on cooling from 5 to
measured at 5 K. 1.7 K showing no change in spectral shape that could be attributed to mag-
netic ordering.

both source and sample cooled in a helium-flow cryostat. A
He/Ne laser interferometer was used to provide simultaneou®r the isostructural DykSi, which also exhibits AF-1 order-
calibration of all spectra. Calibration was checked using ang led to similar conclusion¥’ while AF-Il order in
®’Co/Rh source and-Fe in the same geometry at room tem- PrFeGe, splits the Fe-4d sites into two equal populations,
perature. Spectra were fitted using a conventional nonlineasne with a transferred field, the other at which the field
least-squares minimization routine. cancelss*

The'®’Au Moéssbauer spectra of Pri@e, and PrAySi, The ®’Au Mossbauer spectra of PraSi, at 5 K (i.e.,
at 5 K, shown in Fig. 1, exhibit a small positive isomer shift above T) (Fig. 1) also shows no evidendéess than 2%for
relative to Au metal 85 K that increases from Ge to Si. a second component. Furthermore, cooling B8wthrough
There is also a small, unresolved, quadrupole splittingT;~3.2 K leads to no change in the observed Mdssbauer
[1.098) mm/s for the germanide, 1.48 mm/s for the sili- spectrum(Fig. 2 beyond that associated with the expected
cide] that is essentially temperature independent, changingcrease in f-factor. As noted earlier, the simple form of the
by about 2% in both alloys over the narrow temperaturespectrum above (Istrongly suggests that there is little or no
range considered hef@.7-20 K. Simple point-charge cal- site disorder in this alloy, however, it is the absence of any
culations suggest that Au on the Gee4ite should exhibit a changes on cooling through that is more significant. While
significantly larger quadrupole splitting than Au on its properthe simple AF-I structure, seen fae=0.2, leads to a cancel-
4-d site, so that two components should be observed if theration of the transferred field at thed!site, SG ordering in
were Au—Ge site disorder. However, the spectra can be fitteBrAuSi, could not cause a complete cancellation at every
using a single Au site, with no evidendess than 1.5%for  Au site and we would expect a wide distribution of trans-
a second, a wider split, component which could be attributederred hyperfine fieldgsee for example th&°Sn Mésshauer
to Au on the Ge-4e site. The uncertainties on the electro- spectrum of the spin glass(Fey sgMng 45)78SNSigB14 (Ref.
static environments of the two possible sites are quite largel5)]. If the Pr moments order, some spectral broadening must
so that eliminating significant site disorder on this basis isoccur no matter which site the Au atoms occupy. We observe
not conclusive. However, the AF-I ordering beldy makes none. Neutron diffraction rules out long-ranged AF ordler,
the magneticenvironments of the two sites completely dif- our Mdssbauer data are inconsistent with SG order. Both
ferent. The 4d site normally occupied by Au in these com- data sets are however in full accord with the reca®R
pounds is equidistant from four Pr atoms. In the germanidestudy which found no static order in Pr/si, down to 40
these Pr moments order in a 2-“up”:2-“down” configuration mK."*
and their transferred fields cancel at the Au site. By contrast, We turn now to the diffraction data, and concentrate on
the Pr neighbours of the dsite (normally occupied by Ge  PrAwSi, as it is here that the presence or absence of Au/Si
all order parallel and a significant transferred hyperfine fieldsubstitution is critical, and also the Au—Si scattering length
is expected at a gold nucleus on the fposition. Therefore, contrast is superior to that of Au—-Ge in both x rai;;
in the presence of site disorder, and independent of any dif=14,Z;.=32,Z,,=79) and neutrongb,=4.15Si), 8.18Ge),
ferences in electric field gradients, we would expect a two-7.90Au) fm]. Figure 3 shows x-ray and neutron diffraction
component spectrum to develop beldy as Au atoms on data for PrAySi,. The x-ray pattern was taken in three banks
the 4-e site start to experience a transferred magnetic fieldwith increasing counting time used at higher angles to com-
The absence of any spectral changes on cooling f8Au  pensate for the fall off in form factor. The fits shown through
through Ty, is therefore consistent with the AF-I magnetic both data sets are calculated with no Au/Si site disorder.
structure deduced previously from neutron diffracti@md ~ Permitting Au-Si site exchange leads neither to a visual im-
allows us to rule out significant Au—Ge site disorder provement in the fits nor to a significant change in the good-
(<1%) in the germanide. Analysis dfIr M6ssbauer data ness of fit parameters. Forcing a 10% site exchange between
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4 ' ' ' ' ' ' that might lead to frustration. The Pr moments likely remain
PrAu.Si dynamic well below the 3.2 K maximum in the susceptibil-
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