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A study of the magnetic properties and the heat capacity as functions of temperature and magnetic field of
two ternary carbidefRNiC,, where R=La and Ce, confirms that LaNjCbecomes superconducting &t
=2.7 K, and that CeNigorders antiferromagnetically below 18 K. LaNi& a conventional superconductor
with a critical field of 900 Oe aT =2 K. CeNiC, obeys the Curie-Weiss law between 50 and 300 K showing
the nearly full C&" magnetic momentp+=2.47(1)ug, and has a negative paramagnetic Weiss temperature
®,=—-18.3(8) K. Alow net magnetic moment in the ordered state, which is far from saturation in a magnetic
field of 5 T, is consistent with an antiferromagnetic ground state. Below 20 K GedliGws multiple-step
magnetic transitions at 18, 10, and 2.4 K. Both LaNi@ the normal stateand CeNiG have the same
electronic heat capacity;=6.5(2) mJ/mol K, which is typical for many lanthanide-based intermetallic com-
pounds. The Debye temperature of Labliifetermined from the heat capacity in the normal state below 5.5 K

is ©@,=388(9) K.[S0163-18208)06425-X

I. INTRODUCTION

corroborate that in all cases, except ErhiGhe ordered
magnetic moment is significantly smaller than that of the

The existence and the crystal structure of the ternanRk3* ion.

lanthanide-nickel carbide®NiC, were first reported for
R=Y, La, Ce, and Pr by Bodak and MarusiALater, Seme-
nenkoet al2 and Jeitschko and Gefssonfirmed the earlier
results and found that theRNiC, phases form with all other
lanthanides except Pm and Eu. The compouRdEC, (R
=Y, La, Ce—Nd, Sm, Gd-Lucrystallize in the orthorhom-
bic CeNiG-type structurgspace groufAmn®), which is a
derivative of the hexagonal AlBtype crystal structuré?
Refinement of the occupancy of Ni and C sites R+ Dy
revealed that the compound is essentially stoichiométric.
Magnetic properties were studied fB=Y, Pr, Nd, and
Gd-Tm? where it was established that YNitas a low,
temperature-independent susceptibility; PriNedd HoNiG
do not order down to 4.2 K; and thBNiC, phases(R
=Nd, Gd, Th, Dy, Er, and Tmorder antiferromagnetically

In this paper we present the results of magnetization and
heat-capacity studies of the compounds Laj\a@d CeNiG.
As we were completing our study, the superconductivity at
T.=2.7K in LaNiC, (Ref. 10 and multiple-step magnetic
ordering below~20 K in CeNiG (Ref. 11 were reported.

Il. EXPERIMENTAL PROCEDURES

The alloys with nominal composition, LaNj}Cand
CeNiGC, (total weight~5 g), were prepared by arc melting
the pure elements in an argon atmosphere near ambient pres-
sure. The lanthanurf99.79 at. %(99.99 wt % pure] and
cerium[99.93 at. %(99.99 wt % pure] used in this study
were prepared by the Materials Preparation Center, Ames
Laboratory. The major impuritiegsin at. %9 in lanthanum
were H(0.165 at. %, O (0.019 at. %, and N(0.013 at. %,

at 7, 14, 25, 10, 8, and 8 K, respectively. There is no magand in cerium O(0.040 at. %, and C(0.015 at. %. Both

netic moment associated with Ni and, therefore, lanthanideickel [99.4 at. %(99.94 wt % pure] with the main impuri-
atoms are the only magnetic speciesRNIiC, compounds. ties H(0.29 at. %, C (0.24 at. %, and O(0.01 at. % and
None of the alloys containing a magnetic rare-earth ion fol-spectroscopically pure carbofgraphite¢ were purchased
lows the Curie-Weiss law in the range 4.2—250 K, and a 2-Tfrom commercial sources.

magnetic field was not strong enough to saturate the magne- During arc melting the alloys were kept in a liquid state
tization at 4.2 K thus yielding a saturation magnetizationlong enough for solid graphite to react with liquid metals.
much lower than expected f&®*" ions® These behaviors Next the alloys were remelted six more times with the button
could be due to crystalline electric-field effects caused by théeing turned over each time to ensure the sample’s homoge-
low symmetry ofR-ion sites (nm).° The studies of the mag- neity. The total weight losses during arc melting were less
netic structure using low-temperature neutron powder difthan 0.5% and, therefore, the alloys’ compositions were as-
fraction for R=Pr, Nd, and Tbh—TmRefs. 6—9 confirmed sumed to remain unchanged. Heat treatment was performed
that (1) PrNiC, does not order magnetically down to 1.5 K, in helium-filled quartz tubes at 1000 °C for 7 days. The x-ray
(2) if HONIC, orders, it does so between 1.5 and 4.5 K, andoowder-diffraction measurement€u K« radiation, SCIN-

(3) the other ternary carbides order antiferromagnetically beTAG diffractometey revealed that, within the accuracy of
low their respective el temperatures. These studigsalso  the method(typical second-phase detection limit 6f5%),
0163-1829/98/58)/497(6)/$15.00 PRB 58
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FIG. 1. The heat capacity of LaNjGrom 1.5 to 20 K in zero FIG. 2. The magnetic susceptibility of LaNi@rom 2 to 20 K
magnetic field. The inset show& T vs T2 plots in zero magnetic measured in a weak magnetic field. The inset shows the magnetic
field and in 0.3 T. susceptibility near the superconducting transition.

. . The effect of a magnetic field on the magnetization of
the heat-treated LaNilalloy contained only the orthorhom- LaNiC, at T=2 K is shown in Fig. 3, which confirms the

bic CeNiGytype phase. A small amount of cerium dicarbide, yeak electron-electron coupling and indicates that the criti-
CeG,, was present in CeNigas the impurity phasesee Sec. .5 field atT=2 K is near 0.09 T900 O8. Furthermore, the
B and Fig. 5, below. The lattice parameters of LaNiC  heat capacity measured in a 0.3-T magnetic field after the
and CeNiG agree well with those reported earlfef. sample was cooled in zero field te1.5 K (inset of Fig. 2

The heat capacity from-1.5 to 20 K in magnetic fields  ghoys that the critical field is below 0.3 T &t=1.5 K (the
from0to 7.53 T and in zero ma_lgnetllc field froml.5 to 6Q lowest temperature in our experiment was 1.5 Khe fact
K was measured using an adiabatic heat-pulse calorimetefa; the 0.3-T magnetic field completely suppresses the su-
described elsewheré.The magnetic susceptibility was mea- perconducting transition permits one to obtain a reliable
sured from 1.5 to 300 K in a 0.656-T field by using a Fara-jgast.squares fit of the low-temperature heat capacity to de-
day m|_crobalancé. The low-temperature, low-field dc mag- ermine the normal(nonsuperconductingstate electronic
netization was measured in a Quantum Design MPMS 5 dfeat-capacity coefficient and the Debye temperature. As seen

magnetometer. from the inset of Fig. 1C/T behaves linearly as a function
of T2 from ~15K (T?=~22K? to ~55K (T?=
IIl. RESULTS AND DISCUSSION ~30K?), and a linear least-squares fit yields the electronic
. _ heat-capacity coefficieny=6.5(2) mJ/mol ¥, and the De-
A. Superconductivity of LaNiC, bye temperatur® ,=388(9) K.
The heat capacity of LaNiCn zero magnetic field from As mentioned above, the superconducting transition in

1.5 to 20 K is shown in Fig. 1 with th€/T vs T? inset LaNiC, at T.=2.63—2.86 K was reported recently by Lee
clarifying the low-temperature details. The sharp discontinu-
ity between~2.75 aml 3 K is consistent with the transition 100
to the superconducting state. The discontinuity in the heat
capacity of LaNiG in zero magnetic fieldAC/yT.=1.26,
indicates weak electron-electron coupling and confirms the
bulk nature of superconductivity, although this quantity is
slightly lower than the BCS theory prediction ef1.43

The low-temperaturé2—20 K), low-magnetic-field(100
0Oe) magnetic susceptibility of LaNiCis shown in Fig. 2.
The strong diamagnetic signal below=2.75 K is tempera-
ture independent, and becomes weakly paramagnetic abov |
~4.5 K when the magnetic susceptibility was measured on
warming(the sample was originally cooled to 2.0 Kina zero st
magnetic field, open symbols in Fig. 2. When the suscepti-
bility was measured on warming after cooling the sample in g0 s s
a 100-Oe magnetic field, the diamagnetism is much weaker ~ °° 01 0z 03 04 05

’ - X . Field (T)

strongly suggesting magnetic-flux expulsion from the field-
cooled sample. The behavior of the magnetic susceptibility F|G. 3. The magnetization of LaNiGt T=2.0 K as a function
(Fig. 2 is consistent with the zero-magnetic-field heat capacof magnetic field in low fieldgfilled circles. The inset shows the
ity (Fig. 1) indicating that a bulk superconducting transition magnetization as a function of magnetic fieldTat 2.0, 5.0, 10.0,
occurs neaif ;=~2.7 K. and 25.0 K in strong fields.
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et all® and our experimental results confirm this discovery. TR CIE I T el
Our results, however, are different from those reported by 40 .
Lee et al. with regard to the electronic heat-capacity coeffi- CeNiC,

111

cient(they gave 7.83 mJ/mol¥ and the Debye temperature 500 | Cu-K,, 1=15406. Sp.gr. Amm2.
a=3.8767(1), b=4.5491(2), c=6.1621(2) A

R;=0.067

(0p=496 K). This discrepancy is due to the fact that the
least-squares fit was performed by Leteal 2° only using the
heat-capacity values above the superconducting transition.
This means that the extrapolation ©&=0 is quite long
(from T2=10K? compared to our resultgfrom T2
=2.2 K? and this can lead to considerable inaccuracies. A
close examination of the Fig. 1 inset shows that there is Observed
somewhat of an upward curvature for the heat-capacity re- A wam M‘“""e“
sults aboveT?=10 K? (T=3 K). Fitting our heat-capacity — n e
data above T?=10K? we obtain the values ofy - ' ' - '
=7.0(5) mJ/mol R and ®,=510(30) K, which are in 2 o0 ST [
much better agreement with the results of letel, but 20 (deg)

still suffer from the long extrapolatiote.g., note the signifi- FIG. 4. Observed and calculated diffraction patterns of CeNiC
cantly increased uncertaintje§ herefore, we deem that the alioys together with the difference. Short vertical bars at the top of
electronic heat capacity of=6.5(2) mJ/mol K, and the the figure indicate reflection positions. The arrow points to 110
Debye temperature dPp=388(9) K as being more accu- reflection of the CeCimpurity.

rate than the higher values reported by Leeall® for

LaNiCp. . coincide with the texture axis. Assuming that the texture axis
_ The_earller work? concluded that LaNigis a nonconven- in the impurity phase is thg10], which is quite common for
tional (i.e., non-BCS-typelow-temperature superconductor many tetragonal structures, the negligible intensity of the
based on the nonexponential behavior of the electronic he%tther strong reflections in CeGi.e., 011, 002, and 114s
capacityCes in the superconducting state. Our data show arpypected. Because of all of the above, it is impossible to
expon(in'ual behavior o€, in agreement with the BCS a6 an estimate of the amount of Géthe CeNiG alloy
theory"* over the temperature range 1.52R<T,. The en-  qom the x-ray powder-diffraction data. The magnetic en-
ergy gap between the normal and the superconducting statﬁOpy associated with the ordering of Ce@lear 30 K(see

as determined from the intercept of the straight line, isbelovxb is ~70 mJ/mol K. Compared with the theoretically
2e0/kT.=4.62. However, our data do not extend far below , ~iiaple entropy for 1 mol of G& this yields to an esti-

Tc and, therefore, non-BCS behavior cannot be ruled out. Ihyateq 0.5 mol % of CeC The calculated concentration of
is also possible that the non-BCS behavior reported by Lege impyrity is rather low; however, it further supports the
et al. is due to the errors in the Debye temperature, as note uggestion that the Ce@hase is strongly textured, which

above. Further. experimgnts are necessary to determ"}?ermits its detection using x-ray powder diffraction.
whether LaNiG is conventional or non-BCS, and whether it The zero magnetic-field heat capacity front.5 to 35 K

400 F

200

300 F

200

Intensity (arb. units)

100 |

) DifferenceI

is a dirty type-I or a weak type-Il superconductor. of CeNiC, together with that of LaNig, is shown in Fig. 5.
It agrees well with that reported by Motowa al! The elec-
B. Magnetism of CeNiG, tronic heat-capacity coefficient and the Debye temperature

cannot be determined by fitting the low-temperature heat ca-

As mentioned above, the x-ray powder diffraction re- pacity of CeNiG in the usual way because the compound

vealed that the CeNiCalloy used in our study contained a
small amount of a second phase. This is apparent from the

weak-diffraction peak near@=32.8° as marked by the ar- * RNiC, (R=La, Ce), B=0 T ‘

row in Fig. 4. The position of this peak corresponds to the 03

110 reflection of the tetragonal CgQt should be noted that _ © S o

this peak is the only one that is actually observed, although $o02 S’M © 9
the 110 reflection is the second strongest peak in the,CeC 10§ g o o 00° ]
x-ray-diffraction patterrithe strongest reflection, 011, should ¥ & 1 ° o°° ©
occur at~26.8°, and is observed as a slight increase of the g I Y et o OOOO A
background; see Fig.)4In general, it is impossible to iden- 3; O emparature () ;o 0o a
tify the impurity phase from a single diffraction maximum. © Sf L LA ‘

In this case, however, the magnetic ordering temperature of L A

the impurity (see below also corresponds to that of CeC P AA‘

The reason for the presence of only one diffraction peak of “AA‘ o CeNiC,
the impurity phase is that there is a strong preferred orienta- e A LaNiC,
tion in the CeNiG sample used in this powder-diffraction o . ” . p > s 35

study. The texture axis of CeNjGs the[100], and the tex-
ture parametér is 0.191) (a value of 1.0 corresponds to the
absence of preferred orientatjorThis indicates an almost FIG. 5. The zero-magnetic-field heat capacity of CeNidd
sixfold increase in relative intensity of diffraction peaks thatLaNiC, from ~1.5 to 35 K. The inset shows the details below 5 K.

Temperature (K)
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orders magnetically at 2.4 Kee the inset of Fig.)sand the 0.7 '
magnetic contribution to the total heat capacity cannot be CeNiC,
determined uniquely. However, one can estimate the elec-
tronic heat capacity of CeNiCfrom the heat capacity of
nonmagnetic LaNig Since the crystal structures of CeNiC
and LaNiG are the same, and the atomic masses of Ce and 05k
La are close to one another, it is reasonable to assume that
their respective Debye temperatures are quite close, i.e.,
Op(LaNiC,))=0p(CeNiG). Hence the difference in the
heat capacity, if any, at a temperature above the magnetic
phase transitions in CeNjGi.e., when the magnetic contri-
bution to the total heat capacity becomes negligieuld

be due to the difference in the electronic heat capacities of
CeNiG, and LaNiG. Although not shown in Fig. 5, the heat
capacities of both magnetic CeNiCand nonmagnetic
LaNiC, between 50 and 55 K become the same within the
accuracy of experimental data, which indicates that the elec- 01f
tronic heat-capacity coefficient of CeNi@pproaches that of
LaNiC,. The values of electronic heat capacity of both
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T
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CeNiC, and LaNiG [y=6.5(2) mJ/mol K] are typical to *% "; 3 1'2 1'6 2}, 24

those of common metallic materials. Thus the estimated Temperature (K)

value of the electronic heat capacity of CeliC

(10 mJ/mol K) obtained by Motoyaet allt by fitting the FIG. 6. Effect of the magnetic field on heat capacity of CeNiC

lowest-temperature dat@elow T=2.2K) is in fair agree- frqm ~1.5 to 20 K. The lines drawn through the data points are
ment with our results, but is less reliable because the magluides for the eye.

netic contribution to the heat capacity was not taken intosentially no magnetic entropy is involved here. Recalling the
account. presence of the impurity phageee the beginning of this

The magnetic entropy of CeNjCS;,,,=8.34 J/mol K, is  section, this leads to a conclusion that the upper temperature
~56% of the theoretically expected value $f,;=R In(2)  antiferromagnetic ordering occurs in the impurity phase
+1)=14.9 J/mol K, whereR is the universal gas constant rather than in the matrix. Earlier studies of magnetism in
andJ is the total angular momentufd for Ce*"). This de- CeG, revealed that it orders antiferromagnetically at 30
ficiency can be understood assuming that the magnetic ordé&,'®*"and therefore, strongly suggest that the impurity phase
in CeNiG, is similar to that of the other members of the is CeG.
RNIC, series and that only 50% of Ce atoms order magneti- 012 : :
cally down to~1.5 K. Lack of knowledge about crystalline CeNiCz
electric field(CEF) levels in CeNiG, which may also con-
tribute to the difference between theoretical and observed
magnetic entropies, particularly when CEF levels are posi-
tioned far from the ordering temperature, prevents quantita-
tive conclusions about the ordering in Ce sublattice.

The low-temperature details of the CeNifieat capacity
are clarified in Fig. 6, where it is shown & T vs T plots in
four different magnetic fields of 0, 2.46, 5.32, and 7.53 T.
The lowest-temperaturk-type anomaly occurs at2 K in
zero magnetic field and it is broadened and shifted to higher
temperatures as the magnetic field increases, suggesting that
the lowest-temperature magnetic phase is a ferromagnet or a 0.04
ferrimagnet. The second—<10 K) heat-capacity anomaly is
considerably broaddalthough it is heavily overlapped with
next\-type maximum and remains practically unaffected by
all magnetic fields. The strony-type heat-capacity maxi-
mum occurs at-19 K and its position and height are also
nearly magnetic field independent. This behavioraf0 K 0.00 : : ' :
and ~ 19 K heat-capacity anomalies is indicative of strongly
coupled antiferromagnetic order in CeNiGelow ~19 K.
These three heat-capacity anomalies agree well with the low- £, 7. Low-temperature magnetic susceptibility of CeNiC
temperature magnetic susceptibility shown in Fig. 7. Themeasured in magnetic field of 0.01(I00 O¢ on warming of the
highest temperature transition, which according to the magzero-magnetic-field-cooled samplepen circles and on cooling in
netic susceptibility is antiferromagnetic and occurs-@&0 K the same magnetic fiel¢filled squares The inset clarifies low-
(inset in Fig. ¥, is practically invisible from the zero- temperature details. Lines drawn through the data points are guides
magnetic-field heat-capacity datgig. 5) indicating that es- for the eye.

0.08 |

%ge (cm*fmol)

Temperature (K)
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ful that a spin-glass magnetic structure forms at 18 K since
this is usually accompanied by a broad Schottky-type heat-
capacity anomaly and not a shaxgtype peak as in the case

of CeNiC,. Furthermore, there is no structural disorder of
any kind in CeNiG, which is always present in known spin-
glass systems. Hence, both magnetization and heat-capacity
results indicate that the magnetic transition that occurs at 18
K most likely results in formation of antiferromagnetic struc-
ture that has a detectable ferromagnetic component causing
the difference in the magnetic behavior of the zero-field-
cooled and field-cooled samples.

The broader heat-capacity anomaly at 10 K corresponds
to a small discontinuity in the magnetic susceptibility at 10
K, which is most pronounced in the zero-field-cooled sample
measuremen(Fig. 7, insel. Finally, a sharp upturn in the
magnetic susceptibility, which begins near 3 K, corresponds
to the lowest-temperaturk-type heat-capacity anomaly at
2.4 K. The field dependence of the magnetization at 2 K
(Fig. 8 and heat capacitiFig. 6) suggest that below 2.4 K
the magnetic structure of CeNjthas ferromagnetlike fea-

Field (Tesla) tures, although some antiferromagnetic ordering may be
o _ ) present because of the extremely low net magnetization that

FIG. 8. Low-temperature magnetization of Ceb#S a function i far from saturation in a field of 5 T. Magnetization data
of magnetic field at 2, 5, 15, 25, and 35 K. (Fig. 8 also show that between 2 and 25 K there is a

magnetic-field-induced spin-flip transition that leads to the

The magnetic susceptibility of CeNj@bove~50 K ex-  appearance of a ferromagneticlike behavior below 25 K
hibits Curie-Weiss behavior. A linear least-squares fit yieldsvhen magnetic field exceeds 2.5-3.5 T. The critical field
an effective magnetic momerg,4=2.47(1)ug, Which is decreases from~3.5T at 2 K to~3T at 15 K, and to
close to free-C¥ -ion value (2.54.5), and a negative para- ~2-2.5T at 25 K, and at all temperatures belo\#5 K the
magnetic Curie temperatuf@,= —18.3(8) K. The value of magnetization becomes practically the same in fields higher
magnetic moment suggests that the Ce atoms are in theliian 4 T(Fig. 8).
normal C&" valence state, which agrees with smooth varia- The extremely low magnetization, and hence the very
tion of the unit-cell volume irRNiC, series> This, com-  small changes in the net magnetization, accounts for the cor-
bined with the weak Pauli paramagnetism of Lap#Rd the ~responding weak magnetic-field dependence of the heat ca-
results of earlier studies of the magnetic properties of th@acity (Fig. 6). This is readily understood by recalling that
otherRNiC, compounds;® confirms that Ni is nonmagnetic. the changes in magnetic entro$,,, are related to the
The negative value of the paramagnetic Curie temperature ghanges in magnetization as given by the Maxwell relation
indicative of a negative exchange constant and antiferromag-
netic ordering, at least in the high-temperature magnetic (9Smag/ H)7=(IM/IT)y,
phase(also see beloyy and supports the conclusion made in
the previous paragraph. The Curie-Weiss behavior and thehereH is the magnetic field strength is the magnetiza-
presence of the full G& magnetic moment in the paramag- tion, andT is the absolute temperature. Hence the effect of
netic state of CeNigis in contrast to earlier reported almost the magnetic field on the magnetic heat capacty,g,
temperature-independent susceptibility measured in a magvhich is given asCy,g= TS,/ dT, is also small.
netic field of 0.01 T(100 O8.* The total number and the temperatures of the observed

The low-temperature magnetization behavieig. 8) im-  magnetic-phase transitions in CeNi@gree well with the
plies that the net magnetization in the ordered state ofesults reported by Motoyet all! Its magnetic structure was
CeNiG, is extremely low. It is far from saturation and barely reported® to be most likely an incommensurate antiferro-
reaches 6% of that expected theoreticdliyy=2.14ug for  magnet between 10 and 18 K, which probably changes to
Cée" iong in a 5-T magnetic field. This is consistent with commensurate antiferromagnet atl0 K with quadrupling
previously reported results for other membersRiC, se-  of the magnetic unit celi2a, 2b, ¢) compared to the crys-
ries, whereR=Pr, Nd, Gd—Tn?~® The magnetization be- tallographic unit cell. Our resultéhree different ordering
havior (Fig. 8 combined with the low-field susceptibility steps utilizing notably uneven amounts of magnetic entropy
(Fig. 7) and heat-capacityFigs. 5 and § data suggest that with the total being approximately equal to 50% of the theo-
CeNiC, orders antiferromagnetically at 18 K. Simulta- retically available support this conclusion. Assuming that
neously, the compound starts to exhibit a weak but obvioushe magnetic structure becomes incommensurate antiferro-
dependence of its magnetic susceptibility on the magnetimmagnetic below~18 K and that the modulation vector can
and thermal history of the sample below 18Kg. 7). Typi-  easily change with temperature, this may account for mul-
cally, such behavior is indicative of spin-glass structures betiple magnetic structures between 2.4 and 18 K and for dif-
low their spin freezing temperaturg; or of ferromagnets ferent amounts of magnetic entropy associated with each of
(ferrimagnetybelow their Curie temperatuf®- . Itis doubt-  the three observed transitions.
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IV. CONCLUSION esis of the magnetic susceptibility, which is indicative of a
. , weak ferromagnetic component in the antiferromagnetic
As a result of this study we confirm that the ternary car-ucture of CeNig Both LaNiG, (in the nonsuperconduct-

bide LaNiG be_comes superconqluctmg B=2.7K. Con- ing statg¢ and CeNiG have the same electronic heat capac-
trary to an earlier report of possible non-BCS superconduc:,

R , : ity, y=6.5(2) mJ/mol K. The Debye temperature®p
tivity, it may be a conventional superconductor with a ™ ; ; . o . .
critical field of 900 Oe aff =2 K. =388(9) K is quite high and it is probably associated with

The CeNiG compound is characterized by a full Te the presence of strongly covalently bondeg fairs in the

4
magnetic moment in the paramagnetic regimom 50 to crystal structure:
300 K), but shows a low net magnetic moment in the ordered
state that is far from saturation even in a magnetic field of 5
T and is consistent with an antiferromagnetic ground state. The Ames Laboratory is operated by the U.S. Department
Below 20 K it shows multiple-step magnetic transitions atof Energy by lowa State University under Contract No. W-
18, 10, and 2.4 K. Most likely the magnetic structure of 7405-ENG-82. This work was supported by the Office of
CeNiG, is an incommensurate antiferromagnetic below 18 KBasic Energy Sciences, Materials Sciences Division. The au-
and the change in temperature leads to a change in the modilors also wish to thank Professor John Clem, Ames Labo-
lation vector or to a transition to a commensurate antiferrotratory and Department of Physics and Astronomy, lowa
magnetic structure. Below 18 K there is an apparent hysterState University for his comments.
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