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Abstract

Atomic arrangement in £XSiz with X =Pt and Fe was investigated by electron diffraction and X-ray powder diffraction and discussed in
conjunction with the results of magnetic susceptibility, magnetization, specific heat electrical resistivity measuresReBisciystallizes
in the simple AlB-type structure, where Pt and Si atoms are located at B sites disorderly and shows spin glass behavior at low temperature
Contrarily, the electron diffraction pattern for,BeSk reveals a superstructure doubling the lattice parameter as that observedRidsi)
suggesting absence of the random structure. In this structurally ordered compgtefsklino spin glass behavior is detected.
© 2005 Elsevier B.V. All rights reserved.

Keywords: UFeSg; U2PtSk; Electron diffraction; Atomic arrangement; Spin glass; Specific heat

1. Introduction Recently, there is an interesting discussion on this topic
related to the series of theoMGag compounds. Among the
The ternary intermetallic compoundsXJY 3 (X: transi- U>XGag compounds with X=Ru, Rh, Ir, Pd, Pt and Au,

tion metal, Y: typical element), which crystallize in disor- which crystallize in the orthorhombic Cegtype structure
dered derivatives of the hexagonal AHB/pe structure, have  (space groupmma) [10], three of them (X =Ru, Rh, Ir) show
become a subject of intensive study because of the diver-ferromagnetic properties with the Curie temperature of 73,
sity of their magnetic properties. The compoundsXBis 60 and 72K[10], respectively, and other two compounds
exhibit spin glass behavior for X=H1-3], Pd[3,4], Au (X=Pd, Pt) are antiferromagnets with th&®& temperature
[3,5], ferromagnetic cluster glass behavior for X §8t, Rh of 33 and 30 K[10,11], respectively. Our magnetic and spe-
[7] and paramagnetic ground state for X =[Fe9], Ru[7], cific heat measurements revealed a spin glass state in the
Os [7]. The first work on the analysis of atomic arrange- UAuGaz compound[12] in spite of a lack of geometrical
ment in bRuSk, U,PdSg and WRhSE was reported by frustration in the CeGastype crystal structure, and thus, the
Chevalier et al. in conjunction with their magnetic properties occurrence of frustrated single-ion magnetic moment is not
[7]. However, nothing was known about the atomic arrange- expected11]. Instead, it seems that the statistical distribu-
ment in WbXSiz with X=Fe, Ir, Pt, Au, which show different  tion of Au and Ga atoms in the crystal lattice could introduce
magnetic properties at low temperatures, characterized aghe formation of magnetic clusters with randomly distributed
spin glass (X=Pt, Au), cluster glass (X=1Ir) and paramag- exchange interactions between them, leading to a frustration
net (X=Fe). Since it is generally accepted that randomnessandto a spin glass state. On the other hand, H@&iGa com-
and frustration are two necessary conditions to form a spin pound is a special case in this series of compounds because
glass state, investigation of the crystal structure and atomicit crystallizes in the AlB-type structurd13-15] and also
distribution in these compounds is required for understanding exhibits spin glass behavift3,16,17] The neutron diffrac-
their different magnetic properties. tion study by Tran et al. suggested thgiQuliGa possesses
the LwCoGa-type structure (an ordered superstructure of
AlB »-type) with perfectly ordered arrangement of all atoms
* Corresponding author. Tel.: +81 22 215 2120; fax: +81 22 215 2121, IN the lattice[16], whereas our electron diffraction mea-
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structure with statistically distribution of Cu and Ga atoms The temperature dependence of dc susceptibility

on 24 sites. x(T)=M(T)/H, the field dependence of magnetizatid(H)
Inthis study, atomic arrangements ipkéSg and WPtSh and magnetic relaxatiavf(r) measurements were carried out

were investigated by electron diffraction and X-ray diffrac- in a SQUID magnetometeiH(= 0-10 kOe). The adiabatic

tion (XRD) measurements. Magnetic properties of these heat-pulse method was employed for specific heat measure-

compounds were also studied and discussed in conjunctionments over the temperature range from 1.8 to 40 K. Electri-

with their structure characteristics. cal resistivity measurement was performed between 0.5 and

295 K using a standard four-terminal dc method.

2. Experimental
3. Results and discussion

Polycrystalline samples of JFeSg and WPtSkg were
synthesized by melting the stoichiometric amounts of con- 3.1. X-ray and electron diffraction study
stituent elements using an arc furnace with argon atmosphere.
The purities of the starting materials are 5N for Fe, 4N for Pt,  The electron diffraction patterns of ,BtSg obtained
6N for Si and 3N for U. Weight loss in the melting process is along [001] and [100] axes are shown kig. 1(upper).
smaller than 0.2 wt%. Samples were then annealed &t®@00 It is clear that these electron diffraction patterns corre-
for 10 days. X-ray powder diffraction was performed atroom spond to the hexagonal AjRype structure (see the inset
temperature with Cu K radiation and the obtained patterns of Fig. 2(a)) and exclude existence of any superstructure,
were analyzed by a Rietveld analysis using RIETAN-2000 similar to that observed for #PdSg [7]. Also, the X-ray
[18]. Electron diffraction measurements were carried out by diffraction peaks for YPtSi shown inFig. 2(a) can be
using a JEOL JEM-2000FXII transmission electron micro- well indexed by the hexagonal AjRype structure model
scope. (space groupP6/mmm) with the lattice parameters af=

Fig. 1. Electron diffraction patterns along [0 0 1] (left) and [1 0 0] (right) axes fgPSi (upper) and YFeSg (bottom).
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4.073(7)& andc= 3.960(4)& and no impurity phase can be
detected.

For the comparison with 4PtSg, the electron diffrac-
tion patterns of YFeSg obtained along [001] and [100]
axes are also presented Fig. 1(bottom). In contrast to
U,PtSk, the patterns display a super spot, which indicates
the doubling of the lattice parameter alam@xis. Also, the
X-ray diffraction pattern shows a small reflection at £2.8
(seeFig. 2b)). Among the distorted or ordered hexago-
nal/trigonal and orthorhombic/monoclinic derivatives of the
AIB »-type structure in the &nighausen tref 9], only the
U>RuSk-type structure (hexagonab6/mmm; see the inset
Fig. 2(b)) can explain these resuj0]. The small XRD peak
at 12.8 is indexed as 1 00 peak of theRuSg-type struc-
ture. The Rietveld analysis of the X-ray diffractions in the
region of 10-90reveals that the silicon atoms are on the 12
split positions £, 2x, 0.4433) withx =0.1750(15) and occu-
pancy of 50% and the lattice parameterScamB.OOS(lO)&
andc:3.854(3)&. We should mention that it is difficult to
prepare a pure ¥FeSg sample and some impurities were
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Fig. 3. (a) The temperature dependence of ZFC (closed triangle) and FC

detected by the XRD measurements for our Several poly_ (open trlangle) SUSCEptlb”ItM/H) forU,PtSgina magnetlcfleld of 500 Oe

crystalline and single crystalline samples in spite of the small
weight loss of <0.2wt.%. The Rietveld analysis of the XRD
data (illustrated inFig. 2(b)) suggests that three impurity
phases, namely UE8i, (tetragonal /4/mmm [21], param-
agnet[21], mass fraction~8%), UsFe;Si; (orthorhombic,
Cmmm [22], paramagng3], ~2%) and UFeSi (orthorhom-
bic, Pnma [24], paramagnd®5], ~1%), seems to exist in the
sample used in the present work.
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Fig. 2. X-ray diffraction patterns and calculated reflections indicated by
small vertical bars for the phases of RiSg (a) and UFeSk (b). Diffraction
peak for (1 0 0) reflection of superstructure cell af@Sj is shown in inset

(b). Crystal structure projected onto (0 0 1) plane fePtSg (a) and FeSk

(b) (inset).

[1] and (b) the temperature dependence of ZFC susceptibility §6e8g
in a magnetic field of 500 Oe (1 emu mél= 47 x 10-6 m3 mol1).

3.2. Magnetic and electronic properties

The temperature variations of the zero-field-cooled (ZFC)
magnetization . divided by the applied magnetic fiel
(hereafter called susceptibility) fordPtSg and W,FeSg in
the field of 500 Oe are comparedHhig. 3. For U,PtSk with
random distribution of Pt and Si atoms in the AlB/pe lat-
tice, theMi./H curve shows the typical feature of a spin glass
material, i.e. an evident maximum®Bt="7.7 K[1] and mag-
netic irreversibility manifests as the difference between the
ZFC and field-cooled (FC) curves starting just belBwIn
contrast, for YFeSg with ordered Fe and Si atoms in the
U>RuSk-type lattice, theMi./H curve reveals the param-
agnetic behavior down to 1.8 K with identical FC and ZFC
curves. At high temperatures, tl&M s data can be fit-
ted well using the Curie-Weiss law for bothpRtSE and
UoFeSk.

Different magnetic behavior between ;RIS and
UoFeSg is also confirmed by the field dependence of mag-
netization measurements as showifrig. 4. At 5K, evident
hysteresis and remanence (with a value of @.@MAJ)) are
observed inV(H) curve as usually observed in a spin glass.
In contrast M(H) of UoFeSj is almost linear up to 1 T and
no hysteresis and remanence is detected at 5 K.

In Fig. 5 we compare the temperature dependences of
specific heatC(7T) and electrical resistivity (7) of UoPtSg
and WFeSg. The formation of spin glass state inpRtSk
is further confirmed by a large value (obtained from the
CIT versusT? plot at low temperatures, see the lower inset
of Fig. 5@)) and the absence of any anomaly at the temper-
atureT; (7.7 K), where the dc susceptibility shows a clear
peak. The determined value of 198mJ (mol U1K 2 is
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large residual resistivity and the relatively weak temperature
dependence over the temperature range measured, while a
minimum in o(T) appears at low temperatures (see the upper
inset ofFig. 5@)). In fact, we have observed the similar phe-
nomena for YJAuSiz and ,PdSg, which can be attributed to

the scattering due to structural disorder as is usually observed
in metallic spin glasses. Note that syefT) behavior is not
observed for the kRuSk-type compound bFeSg (see the
upper inset ofig. 5(b)). These results are consistent with the
above-mentioned crystallographic analysis fePtSi and
U,FeSg based on our X-ray diffraction and electron diffrac-
tion, which show that the Pt and Si atoms inRiSg are
statistically distributed on the B site of the AlBype struc-

ture and the Fe and Si atoms inkESk are ordered on the
U>RuSk-type lattice sites.

As mentioned in the introduction, both randomness and
frustration of magnetic moments, i.e. competition between
ferromagnetic and antiferromagnetic interaction, are neces-
sary to form a spin glag26]. The mechanism of spin glass

comparable to those obtained for other spin glass systems irbehavior in the AlB-type compounds bAuSis, U,PdS,

the W:XSiz family, such as YAuSis [5] and PdS§ [3].
Comparing with that, a relatively smayl value of 88 mJ
(molU)~1K~2 is determined for WFeSj (see the lower

U,PtSg and ,CuGa can be understood as followirg].
Firstly, randomness could arise from the statistical distri-
bution of theT and Si positions, which vary the electronic

inset ofFig. 5(b)),\1Vhi02 agrees well with the literature value  environment around the U atoms and seems to introduce
of 90mJ (mol Uy = K~ [9]. This value is also comparable g random U-U exchange interaction mediated by the 5

to that obtained for the paramagnetRuSE. On the other

ligand hybridization. Moreover, within one magnetic layer, U

hand, the electrical resistivity also reveals the different behav- atoms form triang|es of nearest neighborsl This geometrica|

ior for UoPtSk and WFeSk. The former shows a relatively
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Fig. 5. Plots ofC vs.T and plots ofC/T vs. T? (upper inset) for gPtSi [1]
at 0 (closed circle) and 5 kOe (open circle) (a) and feF&Si at 0 (closed

p/ufcm

0

(b) U,FeSi,

100
TIK

200

o
300 o

@
@

oK mol Uy

0.100
0.090

0.080
4] 10 20

l[ﬂ‘h

30 40

T/K

40

50

arrangement of the U atoms is favorable to form frustrated
magnetic moment. Obviously, the absence of spin glass fea-
turesin the structurally ordered systesRéSg can naturally
be understood within this scenario. We should mention that
the dynamic analyses of our ac susceptibility and magnetic
relaxation measurements give further evidence for spin glass
state in YPtSg [1,3]. One could expect a much sharper peak
in dc susceptibility of UPtSg in lower fields.

It is interesting to note that Chevalier et @] pointed out
the existence of an orthorhombic superstructure with partial
ordering arrangement of non-magnetic atoms ¥RbSEg.
This intermediate distribution between the perfectly ordered
U>RuSg-type structure and the random Alype structure
has not been confirmed for other member of thX8i3; fam-
ily. Recently, we found that the electron diffraction pattern
of UxlrSis reveals diffuse scattering, which is characteristic
of such intermediate ordered structure. Note that instead of
the simple spin glass behavior, thelkSiz compound shows
magnetic features characteristic of a cluster glass §te
similar to that observed for 4RhSg [7]. This issue will be
discussed in detail in the forthcoming paper.

4. Conclusion

Electron diffraction, X-ray powder diffraction and
magnetization measurements were performed for the ternary

circle) and 50 kOe (open circle) (b), temperature dependences of resistivity Uranium compounds #PtSg and FeSg. Comparing to
for U2PtSg [3] (a, inset) and WFeSk (b, inset).

the simple AlB-type structure in YPtSk, the electron
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diffraction patterns of WFeSg shows the superstructure
doubling the lattice parameter as observed feRUSE, sug-
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[6] D.X. Li, S. Nimori, Y. Shiokawa, Y. Haga, E. Yamamoto, Y. Onuki,
Phys. Rev. B 68 (2003) 172405.

gesting the loss of random distribution of the non-magnetic [7] B: Chevalier, R. Btigen, B. Darriet, P. Gravereau, J. Etourneau, J.

atoms. These crystal structures are further confirmed by (8]

Alloys Compd. 233 (1996) 150.
D. Kaczorowski, H. N&l, J. Phys. Condens. Matter 5 (1993) 9185.

the XRD measurements. Moreover, different magnetic [9] N. Takeda, M. Ishikawa, J. Phys. Soc. Jpn. 67 (1998) 1062.

behaviors were also observed fosRiSg and U,FeSg. The
non-magnetic atom disorder compoundRiSg displays

typical spin glass features at low temperature, in contrast, in [12

the structurally ordered compounckeSg, no spin glass
behaviour is detected.
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