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Spurious second transition in the heavy-fermion superconductor CeRSi
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Specific heat studies have shown a distinct second transitidr=&48 K in some nominally single-phase
samples of the heavy Fermion superconductor §3#Pt.=0.75 K, which in the current work is also seen as
structure in penetration depth measurements. The double transition structure is accentuated by a Ce deficiency
in Ce;,P;Si, becoming reproducible for=2%. Electron microprobe, x-ray diffraction, and metallography
studies of these Ce-deficient samples show only a minor amount of second phase which, by secondary electron
backscattering, is similar in composition to ££4sSi;. This compound is an antiferromagnet with a peak in
C/T at 0.4 K with a magnitude of 22000 mde-mol K?)~%. Thus, in the complexity of a the Ce-Pt-Si ternary
phase diagram, the cause for the occasionally observed structure in the specific heat below the superconducting
transition is a few tenths of a percent mass loss of Ce during arc-melting or annealing of the sample.
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[. INTRODUCTION 99.98% pure Pt from Colonial Metals, and 99.9999% pure Si

from Johnson Matthey Aesar. The stated nominal stoichiom-

etries were accurate to £0.002, e.g., the Pt stoichiometry was
kept between Biggand Pf go» Mass losses during arc melt-

Baueret all recently discovered heavy Fermion super-
conductivity, T,=0.75 K, coexisting with antiferromag-
netlsm,TN=_2.2 K, in CeP4Si, WhICh occurs in a tetragonal ing were less than 0.02% in total,
structure without a center of inversion symmetry. Both the

coexistence of magnetism with superconductivity as well as X-ray diffraction powder patterns were measured on all
9 ) P yasw samples. Two small second phase lines, one on each side of
the non-centro-symmetric structure imphethe possibility

of non-BCS superconductivity. Various theoretical discus—the CePSi[002] line at 29=32.9°, became present for the

sions as to the possibility of spin triplet superconducti%ity, ﬁ?ﬁéﬁ‘; t3sél-g§ o fi‘{)}: ples;ecl\c/l)ﬁ;allopggzsgy i:]nd'fha;edsaanﬁ)glrgx"of
2::1I?/er?lz(;u{seosftjg;gfsslﬂgleescgggui?il\;:tmiil?lleéergirmg, have Cey ofP1Si; oo While secondary electron back scattering re-
L S P y : .. sults in the JEOL Superprobe 733 electron microprobe appa-
While mve_stlgatméthe response of the sup_er(_:onducnwty atus were consistent with 2%-3% of a second phase. Elec-
and magnetism to small st0|ch|ometry_ variations aro.u.nc{ron microprobe of the GgdPSi o, Sample indicated that
1:3:1 in CeP4Si, we found a double transition in the specific he actual Ce deficiency in the méjority CefSi tetragonal
heat(superconductivity at 0.75 K and a second transition a hase was approximately 2/3 of the no’minal deficiefigy
0.48 K) in unannealed GgPSi quite reminiscent of the i ’ Co . )
double superconducting transitiéris UBe,; doped with be- Cey.ginstead of the nominal Ggg), which is consistent with

; o ... the composition of the second phaskscussed below
0, 0,
tween 2% and 5% Th, and with a significantly larger specific Specific heat was measured using established techdiques

Poeuit d??r?g]oar:]%c;;%”}g;%\;vﬁg:;?:;'luOsrlgs:?]?otrzit'r?f'Cat'ctms down to 0.35 K. Penetration depth measureménigere
b y CE3R) performed! utilizing a 21 MHz tunnel diode oscillator with

Qti_llgifr}tg;gzg? S\tail ,a\llér:)l(;guhnacistge:nnhg)nﬁcldtﬁghsaeré%?c? tran® noise level of 2 parts in 2@&nd low drift in a magnetically
.. C ' . shielded Oxford Kelvinox 25 dilution refrigerator.
sition. Samples were characterized by measurements of x-ray
diffraction, metallography, electron microprobe analysis,
specific heat down to 0.35 K, and penetration depth mea- Ill. RESULTS AND DISCUSSION

surements down to 0.08 K. . s
Figure 1 shows the low temperature specific heat for the

published datefor CePtSi and the present work’s results for
Cey.oPtSI, CeyoPkSii g and C@oeSiy g2 The lower
transition in the specific heat for ggPtSi is clearly sharp-
Samples of CgyPtSi, Cq oPLSiign Ce g6 5ESiH 0n ened and increased in size by the addition of Si. This lower
and Ceg osP1Si; oo were prepared by arc-melting together transition seems priori quite large to be associated with a
stoichiometric amounts of high purity Ce from Ames Lab, second phase, particularly since at these small Ce deficien-

II. EXPERIMENTAL
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FIG. 2. The penetration depth, proportional to the resonant
FIG. 1. The specific heat divided by temperature of G8Pt  frequency shift, vs. temperature using the left ordinate and the de-
Cey oP1Si, Ce oPSiigy and CgosPSi g VS. temperature. rivative of these data with respect to temperature using the right
Note how the slight excess of Si sharpens and increa€der both ordinate are displayed together with the specific heat of
the upper and lower transitions in £&P6Si; oo Cey 0681511 g from Fig. 1 vs. temperature.

cies the x-ray powder diffraction patterns indicate essentiallfyre. The ternary Ce-Pt-Si phase diagram has been
no second phase. ) reevaluatetf-'5following the earlier work:® with the conclu-

In order to investigate the magnetic nature of the lowergjon that the correct single phase stoichiometry is actually
seco_nd transition, WhICh. is difficult due to its b_emg embed-C%Ptzssi11 (or equivalently CgPts-Si;o). Since only
ded in the superconductivity of the upper transition, penetrajncompletd® characterization of the low-temperature proper-
tion depth measurements were taken in thg def&Sho2  ties of CaPt,sSiy; (and only2 y down to 2 K for CePt,cSi,)

sample and, together with the specific heat divided by teMayists. we prepared a sample of,£8,Si;; and measured its
perature for the same composition, are shown in Fig. 2. In

order to accentuate the structure seen in the penetration dept” 30000 T——F——F——T——T—— T —— T 1
data, the first derivative is also plotted. Clearly, the specific : A&‘%
heat anomaly at the lower transition corresponds to the struc & CePt,Si,
ture seen in the penetration depthproportional to the mea- 10000 1 a ® Ce,,PtSi,, .
sured shift in resonant frequency. The structure in the pen-~ ]
etration depth could eith& be due to superconductivity
(where the penetration depth data are consistent with a droj3 1 s,
in the superfluid density at 0.5 K due to the opening of a ]
superconducting gapor to a strong antiferromagnetic tran-
sition. In the latter case, the effect could come just from the
susceptibility,y, via A\=\(0)/(1+4mx)°>, where\(0) is the S 10004 1
trend without a transition. For an antiferromagnetic transi- ] % o ® ® ]
tion, y would peak afTyee, and then fall at lower tempera- ] YT 11
ture, which would create a dip in the overallvs. T curve. 200

Electron microprobe secondary electron back scattering 02 04 06 08 10 12 14 16
analysis of the second phase was performed in the T(K)
gr?é?niffllh(gt Zﬁ:)nvl\?:ﬁ g’;’htlﬁg s((jalcs:op:la(ljystra?lsizgicggouﬁeg;% FIG. 3. The semilog plot of the specific heat divided by tem-

P — perature vs. temperature of §85Si;; and C@ ggP Sy o, for com-
larger than that shown for GgsP%Skoz in Figs. 1 and 2 arison. The peak irC/T occurs at approximately 0.41 K for

dﬁe to tthe neI‘Ed tOTE]e ableltto re"atftlykfmd r?glons of S.ecotr;%&PtBSin and at 0.48 K for the Ce-deficient sample of G&Rt
phase o analyze. The resulls were laken using approxima is difference may be due to differences in stoichiometry affecting

a 2 p wide beam in ten separate locations where the contragf, ordering temperatur@ee also the shift of the lower transition

in the pgcksgattermg picture indicated second phase. Thg.yyeen CeoPtSi and CgoPtSi o, in Fig. 1). Certainly, the
composition, in atomic %, of the second phase was found t@jectron microprobe analysis of the second phase in our material is
be, rather than the 20%/60%/20% of the 1:3:1 nominakjightly different (equivalent to C§Pt;Siyo) than 3:23:11. Another
stoichiometry, 8.8%Ce/61.2%Pt/30.0%Si. Converted to aRxample of variation of the peak temperature can be inferred from a
integer amount of Ce, this would correspond tRg; Sis s recent work(Ref. 16 where three data points below 0.43 K fof T

or approximately Cgt; ,Si;. This composition is reminiscent of Ce,Pt,3Si; ; revealed no peak down to their lowest temperature of
of CePt,sSi;, inferred® to be magnetically ordered below measurement, 0.37 K, wit/T (0.37 K) approximately 8% larger

2 K using susceptibility measurements down to that temperathan our measured value Gf,,,/T at 0.41 K.

K

/T (mJ Ce-mo
>
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x-ray diffraction pattern, its magnetic susceptibility, and itsexcess, the second anomaly@nis already larger than the
low temperature specific heat, shown in Fig. 3. upper, superconducting anomaly.

The result is that the sample has a very large anomaly in Thus, a visible(e.g.,~10% —15% of the upper anomaly
C/T at 0.41 K due presumab®*3to an antiferromagnetic second anomaly can occur in the specific heat of nominally
transition, withC/T at the maximum equal to approximately CePtSi due to less than 0.05% second phase aPg5i; 4,
22000 mJCe-mol K%L, As well, the second phase x-ray clearly undetectably small by x-ray diffraction, metallogra-
lines seen in CgyPSi; oo and discussed above correspondphy, or even microprobe techniques. Based on the results in
exactly to the measured positions and intensities for lines ithe present work, such an amount of ;RgsSi;; second
CePt5Siy ;. phase could be caused by less than a 0.5% Ce deficiency,

either through losses caused during preparation or during

annealing to sharpen the transition.
IV. CONCLUSIONS
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