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We present measurements of the temperature and magnetic Bglg<0.2 T) dependences of the
transverse-field muon spin relaxation rate taken on polycrystalline samples of the layered superconductors
Y,C,X,, X=Br,l, and the binary carbide YLThe aim of these investigations was to determine the magnetic
penetration depthA(T) which is a fundamental parameter of the superconducting state. The magnetic-field
dependence of the muon-depolarization rate bélgus discussed. An analysis of the temperature dependence
of the depolarization rates allows qualitative conclusions regarding the strength of the electron-phonon cou-
pling in the compounds under investigation. The dependence of the transition temperature on the condensate
density of the halide-carbide superconductors is compared to that of other exotic superconductors.

[. INTRODUCTION dicate an orientation parallel and perpendicular to the layers
in the structure of the corresponding compounds, respec-
In the past decades, superconductors with layered crystéively. The amplitude of the order parameter is related to the
structures were intensively investigated, because they displeguperconducting charge carrier densityand the supercon-
a variety of unusual electronic properties. The most promi-ducting properties are assumed to be strongly affected by
nent examples are the high-cuprate systems which exhibit phase fluctuations if the superconducting charge carrier con-
exceptionally high transition temperatures at optimal dopingcentration is reduced below a certain lihftThis statement
In the tantalum and niobium dichalcogenides and their interwas evidenced in theT, vs og (0) plot by Uemura
calated derivatives a transition between quasi-twoet al,®'°which shows a linear dependence of the transition
dimensional and three-dimensional anisotropic supercondu¢emperature on the transverse-field muon spin relaxation
tivity could be achieved by tuning the layer distantéglso  (TF-uSR) depolarization ratesp | (0)«ng for many exotic
the organic superconductors which exhibit a charge transfesuperconductors.
from the separating layers to the conducting layers attracted In this contribution we present TESR investigations on
much interest despite their modest transition temperattfres. the layered carbide halides,®,X,, X=Br,l, and their
While an explanation for the observed behavior in thesehree-dimensional relative Y,CThe aim of our experiments
systems based on a microscopic theory is still lacking, thergvas to evaluate the magnetic-field penetration dapthich
appears to be general agreement that basically two effects one of the fundamental parameters of the superconducting
dominate the electronic properties in these “exotic” materi-state. In clean-limit superconductors\1/is proportional to
als: First, the layered crystal structures give rise to a prothe superconducting carrier densitydivided by their effec-
nounced anisotropy of their electronic properties. Bandtive massm*. For the determination of absolute values for
structure calculations reveal bands with low dispersitiat the magnetic penetration depth and condensate densities
bands’) which establish a structured electronic densities ofTF-uSR measurements provide a powerful tbolThe
states(DOY) at the Fermi level. When two flat bands cross present investigations have been performed on polycrystal-
with opposite curvature to form a saddle point at the Fermiine powder samples of the superconductors,Ydhd the
surface the DOS diverges with a logarithmic curvature. Thehighly anistropic %C,X, because no single crystals of suit-
occurrence of such a “Van-Hove singularity” causes dra-able size and quality are available to our knowledge.
matic consequences on the electronic properties, e.g. devia- The crystal structures of the,€,X, compounds consist
tions from Fermi-liquid behavior may be expected due toof closely packed yttrium metal atom bilayers which are
enhanced electron correlation®Second, in all of the “ex- sandwiched between sheets of halogen at(fits 1). Quasi-
otic” systems the charge carrier densities in the normal statenolecular G dumbbells occupy octahedral voids to form
are low. Therefore, charge screening which is effective inYC, units condensed into layers which are surrounded by
normal metals on a length scale of some A is reduced antalogen atom layers. Suck-Y-C,-Y-X layered units stack
electron correlations become pronounced over an extendethd form a structure with monoclinic symmetry. A detailed
length scale. These effects also influence the order parameteiscussion of the stacking sequences and lattice properties of
in the superconducting state. If the coherence ledg{®) is  the rare-earth carbide halides can be found in Ref.12. The
much smaller than the layer spacing, the order parametdayered compounds XC,X, are structurally related to the
becomes quasi-two dimensiorfalhe subscript§ andL in-  superconducting carbide %CThe latter compound consists

0163-1829/2000/621)/144697)/$15.00 PRB 62 14 469 ©2000 The American Physical Society



14 470 R. W. HENN et al. PRB 62

TABLE I. Lattice parameters of the present carbide supercon-

ductors.

a b c B
Compound (pm) (pm) (pm) (deg
Y,C,Br, 695.41) 376.51) 993.11) 99.992)
Y,C,Broslis  715.32) 385.41) 1038.42) 93.904)
Y,Col, 721.11) 288.31) 1043.71) 93.681)
YC,_s 366.372) 366.3712) 617.325) 90

ing is supported by-*C-NMR experiments, which show de-

viations from a linear temperature dependence of the Kor-
FIG. 1. Perspective projection of the crystal structure gE¥X, ringa relaxatio® and the pressure dependenceTgfin the

along [010]. Halogen atoms are represented by large circles and/,C,X, series?® The structure in the DOS has been dis-

rare-earth metal atoms by smaller circles. The octahedral voids afussed to be of significant importance for the superconduct-

the yttrium atom bilayers are occupied by @nits (small filled  ing state in the yttrium carbide halide materi&is®®

circles. The dashed lines indicate the monoclinic unit cell.

of a three-dimensional network of the samgCy units1314 !l SAMPLE PREPARATION AND CHARACTERIZATION

Since the discovery of superconductivity in the rare-earth  Single phase samples 0f,&,X, were synthesized by re-
carbide halides ¥C,X,, considerable work has been devotedacting stoichiometric amounts of yttrium metal chips
to an understanding of their physical behavior in the super¢99.999% Johnson-MatthgyyOX free YX; salts and graph-
conducting staté&>~2°Extensive investigations have revealed jte powder(Aldrich Chemig. YX; was prepared as reported
a variety of characteristic properties. For example, in then Ref.27 and purified by sublimatingX% several times in
Y2C,Bry_«ly series a pronounced peak ,(x) was ob-  high vacuum in an especially designed tantalum container.
served at a bromine to iodine ration of 18<1.5), see Ref. The ingredients were sealed in tantalum crucibles and re-
22. For Y,C,Brq 51 5 the transition temperature reaches 11.6acted at 1300 K for several days. The reaction was termi-
K, which is close to thd ;'s of the organic or Chevrel-phase nated by quenching the samples to room temperaftifée
superconductors. The superconducting states of the comprecursor materials and the products are sensitive to air and
pounds %C,Br, (T,=5.04 K), Y,C,l, (T,=9.97 K), and moisture. Therefore, all procedures were carried out in a
YC, (T,=4.05 K) have been investigated in great detail bydried argon or helium gas atmosphere. The,\$@mple was
means ofCp(T,B) andM(T,B) experiments**°These ex- prepared by arc-heating of stoichiometric quantities of yt-
periments reveal an enhanced electron-phonon coupling iffium metal chips and graphite piecé®eutsche Carbone
the halide superconductors while ¥ €xhibits textbook-like  99.999% in dried argon gas atmosphere. Subsequently, the
BCS weak-coupling behavior. The layered compoundsellets were sealed in tantalum crucibles and annealed at
Y,C,X, were found to be high superconductors~60  temperatures between 1200 and 2300 K for 10 days.
for Y,C,l,) and have critical fields oB,,=3*+0.2 T and All samples under investigation were characterized by
B,,=11.8£0.2 T for the bromine and iodine compounds, x-ray diffraction measurements to prove phase purity and to
respectively. For ¥C,l, an anisotropy ratio of the coherence compare the crystallographic data with the literattif@(see
length of y=§/¢, =5.2+0.2 was derived from magnetic Table ). dc magnetization measurements were performed to
ac-susceptibility investigations on single crystals. The in-check the superconducting properties, e.g., the transition
plane and out-of-plane coherence lengthgef 133 A and temperatures, magnetic shielding, and Meissner fraction.

& =26 A considerably exceed the lattice constants. There- The lattice parameters of the investigated yttrium carbide
fore, the superconducting order parameter ofCX, is  halide samples agree with the literature data within experi-
strongly anisotropic but still extends across several layemental error. No additional lines due to impurity phases were
units. On the other hand, the Ginzburg-Landau parameter dbund. The diamagnetic shielding is complete in all yttrium
the binary carbide Ygis close to the type-l limit k5, ~ carbide halide samples and the Meissner fraction typically
~1), and the critical field.,=60+=10 mT is much reduced reaches 30% of full magnetic shielding. The )Y&ample

compared to those of the carbide halid&$’2® used in theuSR experiments exhibits a lower transition tem-

Band structure calculations with the tight-binding linear peratureT;=3.85 K as reported previously in Ref.14. More-
muffin-tin orbital TB-LMTO method indicate that an overlap over, thec-lattice parameter of the investigated sample is
of antibonding G-7* molecular orbitals with energetically reduced with respect to that which has been found in samples
neighboring Ye states is responsible for the metallic char- with a transition temperature af.~4.0 K. A comprehen-
acter of the ¥C,X, , see Ref. 22. This covalence is evi- sive analysis of the sample characteristics and the depen-
denced by the short C-C bond distance of £28 pm, Ref.  dence on the preparation conditions has led to the conclusion
18. The band-structure calculations also reveal a pronouncedtat local carbon defects of about 2.5%/C are responsible for
peak in the electronic density of states close to the Fernthe observed reduction of . and the shortening of the
energy due to a saddle point at the Fermi surface,@,Br,.  c-lattice parameter in our sampié.Therefore, the present
The Fermi energy falls in a region where the DOS decreasegtrium dicarbide sample is assigned as,YGin the follow-
with a positive curvature with increasing energy. This find-ing, with §~0.05. Relying on this fact we conclude that our
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YC,_ s sample is not in the clean limit which has to be taken
into account for the interpretation of the TFSR data in Sec.
V.

Amplitude (a.u.)

15 §

Ill. THE TF- pSR EXPERIMENTS

A comprehensive discussion of the TFSR technique is
provided in Ref. 29, and the used instruments are described i
in detail in Ref. 30. Here, we give only a brief description of =
the method, which is necessary for an understanding of the X
data analysis. The TlgSR experiments abovébelow) T Y=
=2 K were performed using a standatde gas-flow cryo- 0 1 2 3
stat ¢“He dilution cryostat at beamlinerM3, both at the t(s)
PauI-Schgrrer-Instltut in Villigen, SW|t;erIandln situ FIG. 2. Asymmetry versus time spectrum fos®l, recorded at
presse_d disc-shaped pellets (.)f 10 mm dlamete.r and about =3.0 K in an external field oB.,~=150 mT displayed in a ro-
mm thickness were sealed in especially designed samp%

Asymmetry (%)

. . gting reference frameThe full line displays the fitA(t) =aexp
holders made of high purity silver. The pellets were enclose — o2 4?)cos(w)t). The exponential decay of the asymmetry signal

in dry helium gas behind a 10em Mylar window to aymd . Pﬂ(t)zexp(—aﬁﬂtz) includes the effective depolarization ratgy .
exposure to water and oxygen. The samples were fixed Withhe inset contains the real part of the Fourier transférpte) of
small amounts of dried silicon grease to guarantee thermahe time spectrum below. A fit of two Gaussian lines has been
contact to the environment. After cooling the sample in anapplied in order to account for a background signal arising from
external field ofBe,=0.1 T to temperatures beloW, in muons which stop in the silver backing of the sample holder
order to induce a homogeneous flux line lattiE&L), posi-  (~3% asymmetry,

tive muons with initial spin polarizatioﬁ’u(t=0) transverse

to the external field,,; were implanted. The muons come to field of Bg=150 mT. The good agreement of Gaussians
rest at interstitial lattice sites which are yet unknown for thewith the recorded time spectra is evidenced in the inset of
present compounds. However, since the characteristic leng#fig. 2.

\ of the FLL is significantly larger than the lattice param-  In highly anisotropic superconductors, the flux lines are
eters, the implanted muons are randomly distributed throughao longer in direction of the external field but are almost
out the FLL field profile. Each muon spin starts to precess iraligned parallel to the layers. Therefore, the second moment
its local field with the Larmor frequency,=v,B. (v,  of the frequency distribution has a dominant contribution of
=27-135.5 MHz/T). After an average lifetime ofr  the in-plane component of the magnetic penetration depth
=2.2 ws the muons decay emitting positrons preferably into\ |, and the equation

the direction of the muon spiﬁ’ﬂ(t). The resulting asym- _
metric positron-emission ratd.+(t) includes all the infor- Mpoly™=1.23X N @)

mation on the precession frequencies and depolarizatiofas shown to hold foty=\, /\;>5, Ref. 31. The depolar-
rates of P,(t). The Fourier transfornF(w,) of Ne+(t)  ization ratesr, of the initial spin polarization measured on
yields the distribution of the precession frequencies of theyolycrystalline samples of a highly anisotropic type-Il super-
muon spins and thus of the FLL field profiles. For polycrys-conductor provides therefore a direct measure of the in-plane
talline samples typically almost symmetric Gaussian-shapegenetration depth and hence of the ratio of the supercon-

distributionsF(w,) are detectedsee inset of Fig. 2for  ducting condensate density to the effective mase
which the second momen(ﬁwi) may be extracted by fit-

ting the TFuSR time spectr® ,(t) by an exponential term or [ us 1]=7.086x 104)\”‘2 (nm)
exp(—aéﬁt2/2) (for the definition ofo see Ref. 3Ras is

shown in Fig. 2. Here, the depolarization ratgy of the _ 51 Me _3
initial muon-spin polarizatiorP ,(0) is proportional to the =2.51x10 Ens(cm )- @)
second moment of the frequency distributiogﬁa<Awi>. ”
The magnetic penetration depth of a polycrystalline type-Il |t s known that a nearly symmetric and Gaussian line
superconductor can be evaluated from the depolarizatioghape should be expected in polycrystalline samples due to
rate: random orientations of the grains of a superconductor with
B strongly anisotropic properties and the variation of the mag-
(T) ( IS l): W . : . . 24 . . . .
OFLL M O eff Onuc netization in the gram%, as it is in the present investigation

_ -2 (see Fig. 2 The influence of unusual flux states, pinning,

=1.072<10pgy(T) (nm), () and flug dynamics, however, cannot be directly ga?il(lasl ’
wherein nuclear contributions,, to the effective muon de- they can in single-crystal materialsand these may induce
polarization have been subtractédin order to check the systematic uncertainties in the second momémsi) de-
reliability of the N values obtained from the time spectra rived from uSR data on polycrystalline samples. For ex-
P.(t) we additionally analyzed the Fourier transformsample, the vortex-core radii and thus the field distributions of
F.(w). Figure 2 displays the time spectrum of a data sethe vortices may be strongly field and temperature dependent
recorded with the ¥C,l, sample aff=3.0 Kin an external as it is known for the layered superconductor Np$see
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Ref. 35. These systematic uncertainties have been the reason '

for objections to the interpretation @fSR data on polycrys- e

talline samples by means of a simple Gaussian analysis. £ T S o

Therefore we emphasize that the quoted errors(i®) only 09 1

relate to the statistical errors of the Gaussian analysis, and do N I '

not consider model-dependent uncertainties. ENTR .
However, a systematic error in the second moment of the &

field distribution(AB,.) andoey>c(Aw?) of 25% due to the 03 “e j:%?z'z ]

influence of pinning effects or unusual flux states, would A 28

induce a variation of only 7% in the resulting penetration .
depth value$® Thus, despite all shortcomings mentioned 0'00 160 ] 260
above, there is reasonable consistency between (g and B, (mT)
\j(0) values that have been derived from SR experi- o
ments on polycrystalline or single-crystalline samples of FIG. 3. Dependence of the depolarization raig(T=2.1 K)
some cuprate superconducté?s>>’ on the applied magnetic field for,C,l, (circles and YG_ ; (dia-
monds. The dashed lines were drawn to guide the eye. F@,Y,
the depolarization is nearly constant for external fields above 80
IV. RESULTS AND DISCUSSION mT. In the case of Y& _; no field regime satisfies the requirements
Bf the London limit. The critical field.,~130 mT of the investi-
gated YG_ ;s sample is higher than that of a clean-limit sam(gee
text).
e

In all investigated carbide superconductors we observe
one distinct temperature dependent ZBR depolarization
rate which clearly proves the existence of a FLL over th
total sample volume. tatively affect the magnetic phenomena in the superconduct-

In the following, the experimental results of the SR ing state. In the dirty limit (<¢) the reduction of the
investigations are discussed. First, the field dependences gbrmal-state mean free pattiiue to defects reduces the co-
the depolarization ratesg | of YC,_ s and Y,Cl, recorded  herence length in the superconducting Stéte végear |
at T=2.1 K are compared. From an analysis of T  4nq increases the critical fiel, 1/£%;, Ref. 39. The crys-
=2.1 KBy data a field regime is found for which the t)0graphic characterization of our sample reveals a reduced

London limit holds and the evaluation af is reliable. The . |attice paramete(see Table ) indicating a carbon defi-
subsequent measurements of the temperature dependencegi%cy_ Also the reduced, and the higher critical field

the depolarization rates have been performed within thesﬂcz(Tzz.lK)~130 mT as compared to the results from the
field ranges. The\(T) data are compared to results of pre- cjean limit sampl& 3 give further evidence for the investi-
vioust(T,B)_inv_estigations which reveal a strong electron- gated yttrium dicarbide sample to be in the dirty lirtfig.
phonon coupling in the 3C;X; systems. From an extrapo- 3) According to theoo(B.,) dependence, the applied field
lation o (T—0), the superconducting charge carrier to the determination of the London penetration deptB)
densities are obtained. These results are discussed in ths; Y,C,X, must be larger than 80 mT, while for ¥C, a
scheme of theT. vs o (0)-plot which reveals a linear (g|igple evaluation ok (0) from Eq.(3) is not meaningful.
relation of T and o (T—0)cns/mf in the underdoped  The |ow-field cusp inoes(B) was observed before for
regime of the hight; cuprates and other exotic polycrystalline hight. superconductor® The cusp was
superconductor¥ explained® as due to a pinning-induced distortion of the flux
line lattice, which enhance(sABf) and results in a higher

A. The field dependence of the depolarization rate value for the depolarization;. The observation of such a
cusp at low magnetic fields implies that pinning effects are
weak and negligible at higher fields. This indicates the ab-
sence of strong pinning centers, e.g. lattice distortions or
impurity phases, and evidences the high-quality and struc-
tural homogeneity of the investigated,®,l, sample?®

Equation(2) has been shown to be only meaningful if the
external magnetic fiel@,, is within a range where the sec-
ond moments of the field distributigiA B ) (w2 )« ey are
independent of the applied fieBl.,;, Refs. 11 and 33. The
dependence ofro on By has been investigated in order to
find a field range meeting the requirements of the London
model. Figure 3 displays the field dependeney; for
samples of the Y& s and Y,C,l, superconductors. Each In order to evaluate the London penetration depth from
data point has been obtained from a single time spectrurihie TFuSR depolarization rates, the nuclear contribu-
P,(t) which was recorded after cooling the sample in thetions o, were subtracted according to Ed,). Above T,
applied field from temperatures aboWie to 2.1 K. Both the internal field distribution is not affected by the FLL and
oei(T=2.1 K,Byy curves exhibit a cusp in the low-field a temperature-independgnSR depolarization occurs due to
range. For the YC,l, sampleos(T=2.1 K,B,,) increases the magnetic field induced by nuclear moments. FeEN’
until reaching a maximum value of 14% ! at B,, and YG_;the temperature dependenceogd(t)/og  (0)
~30 mT. AboveB,~80 mT the effective depolarization iS compared to the theoretical function of BCS theory
becomes independent of the applied field. The situation for
the YC,_ 5 superconductor is more complicated because this orL(t) _ 1
compound is very close to the type-I type-Il transiffoH or(0) - dInA(t)’
(kgL~1) where nonmagnetic impurities and defects quanti- alnt

B. The temperature dependence of the depolarization rate

(4)
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1.0 ¢
0.8

TABLE IlI. Critical temperaturesT., depolarization rate
ogL(0), and absolute values for the London penetration depth
N poiy(T—0) which was calculated using E€L).

0.6
0.4 0 Y,Cyl, ] Te e (0) )\poly(o)
: B, =150mT ] Compound (K) (us?h (nm)
—~ 02 F ]
< ] Y,C,Br, 505  0.35-0.02 553-5
g 98 g Y,C,Brodis 11.6 0.22:0.07 698 10
= ] Y,C,l, 9.97  1.070.02 3173
c 08 7 YC,, 385 125003  (8l0:50) Ref. 46
0.6 ]
04f  OYCy A\
02 b B,,=15mT \ ] dence between polycrystalline samples and single crystals of
' \ ] high-T. cuprates, which has not yet been understodd.
00,0 02 04 06 08 10 The above results support s-wave symmetry of the supercon-

t=T/T,

ducting order parameter in all investigated compounds. Final

conclusive evidence on the nature of the order parameter,
FIG. 4. Temperature dependence of the normalized effectivdilowever, can only be gained from investigations on single
muon depolarization rate taken at 150 and 15 mT fg€N, and  crystals.
YC,_s, respectively. For ¥C,l, (open circles and YG_ 5 (open
squarey data were fitted to a power lawtI-(dashed lineswith
n=3.1 and 2.5, respectively. Data are compared to BCS weak cou-
pling (dotted ling and 2FL model(full line) assuming acg

1INy, relation.

C. The London penetration depth

The London penetration depthg0) of the Y,C,X, com-
pounds have been evaluated in the scope of London theory
by extrapolating the low-temperature TFSR depolarization
Fz)rFLL(T—>0). The values of the London penetration depths,
which were taken from polycrystalline samples have been
deduced according to E¢l) and are compiled in Table . In
=1-t" (5) the case of Y§_, the evaluation of the magnetic penetra-

oru(0) tion depth is not meaningful because there is no field range
has also been fitted to the data, where4 corresponds to where the London limit appliesee Chap. IV A The(0)
the two-fluid (2FL) model*? values gained from the presenSR experiments are in ex-

The o (t)/or (0) data are in qualitative agreement cellent agreement with those which were reported from an
with the investigations of the specific-heat jumprat Inthe  analysis of the magnetization data for the samgCX,
case of YG_ s, the data pass along the theoretical curve ofcompounds! However, the accuracy of the present0)
the BCS model for weak electron-phonon coupling, and are¢ralues is about one order of magnitude higtibe estimated
fitted by a power law with a power af=2.5. However, we error about one order of magnitude lowas for the magne-
note that there is no applied magnetic field to hold the Lontization measurements reported in Ref.17.
don limit for YC,_ 5 [and thus there is no simple relation  Investigations of the upper critical field of &&,l, crys-
betweenog,, and the London penetration depth as in Eq.tal yield an anisotropy ratio ofy=¢ /£, =5.2+0.2. This
(1)]. Nevertheless, the observeg, , (t)/or (0) data are in  value is similar to that reported for fully oxygenatestightly
fair agreement with BCS theory assumingog <15, ~ overdoped YBa,CuO;,, Ref. 45, and Eq(2) may be
relation (see Fig. 4. used in the case of )XC,l, in order to obtain the in-plane

For Y,C,l,, the power-law fit results in an exponent of component of the London penetration depthg=257
n=23.1, which is significantly enhanced with respect to that=3 nm. With y~5.2, the out-of-plane value of the penetra-
of YC,_5. Here,or (t)/or (0) data have larger values tion depth of Y,C,l, amounts tan ; =1340+50 nm.
than according to BCS theory and are shifted in the direction
of the 2FL model. The large value of the exponent3.1
qualitatively indicates an enhanced electron-phonon coupling
in Y,C,l,. The analysis otrg | (t)/ o (0) supports the the The shielding currents of a superconductor penetrate in
heat-capacity data for both samples: According to the analythe length scale of the magnetic penetration dep(b)
sis of the specific-heat jump &, using thea model’® the  which is directly related to the superconducting condensate
gap width of YG amounts to a value otr=A(0)/kgT.  densityny0)/m* for clean limit superconductorsee Eq.
=1.82, which is close to the BCS value af=1.79 and (3)]. Uemuraet al. were the first to realize that the transition
indicates weak electron-phonon coupling for thistemperatures of the underdoped cuprates when plotted versus
compound-" On the other hand, a significantly increased gapthe TF«SR depolarization rate | (T— 0)xng0)/m* fall
width of a=A(0)/kgT.=2.27 has been reported fop&>l,, on a common liné? An explanation for this amazing finding
which implies strong electron-phonon coupling. In the con-was proposed by Emergt al® who suggested that phase
text with the above results it should be mentioned that therductuations of the order parameter in the superconducting
is a marked disagreement of the (t)/og (0) depen- state become increasingly pronounced with decreasing con-

where A(t) is the temperature dependence of the BCS-ga
width*! andt=T/T.. Additionally, a power law

D. The superconducting charge carrier density
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25 ) In the T; vs o (0) plot the investigated carbide super-
i = ] conductors are located in the vicinity to Chevrel phases, or-
20 F A . ganic BEDT, and B&K; _,BiO; superconductors. The differ-
- \g’ ] ent values for the depolarization rateg, (T—0) in the
s ] Y,C,Br, |, series can be explained by a systematic change
£ I e @ ] in N(eg): Recent investigations of the pressure dependences
Mo b Ao R b of T, in the Y,C,Br,_,l, series support a rigid-band model
T NY,C,Br Y.Cyly ] where the Fermi energy shifts through a peak in the DOS by
5 . R © ] increasing the iodine content see Ref. 26. The electronic
Y,C,Br, y—r specific-heat contribution nearly doubles foyG41, with re-
YC.s 1 spect to %bC,Br,. This changes the charge carrier densities
00002040608 101214 in the normal state and thus the condensate densities in the
60,(0) ~ n,0Ym* (us™) superconducting state in the,®@,Br,_,|, series and causes

the observed increase ot (T—0).
FIG. 5. Superconducting transition temperature versgs (T
—0). The yttrium carbide superconductors are compared to other
exotic systems. The open symbols refer to results on BEDT, V. SUMMARY

Ba,K,_,)BiO3, and Chevrel superconductdidiamonds, squares, . . .
gnﬁ‘ cilrclxgs, reaspectively; data \?\/ere takenogrom Ref. m(l full For all investigated carbide superconductors the recorded

triangles present data for,€,Br,, Y,Cols, Y,CoBrod,s, and ~ #SR spectra are well described by a single component relax-
YC, 5. In the case of Y§ ; the relation og  (T—0)  @ationfunction, proving the existence of a FLL over the entire

«ng0)/m* is not valid and data for Y& ; must be regarded as a Sample volume. The investigations of the field and tempera-
lower limit for ng(0)/m*. ture dependences of the depolarization rates taken from
Y,C,l, indicate weak pinning and highk-superconductivity

in agreement with results from magnetization data. For

densate densitiea(0) and suppress the superconductin
<0) bp D gYCZ,ﬁ which according to the reducedlattice parameter

t ition t t ing T * T - - . . .
ransition temperatures according Texny(0)/mj = o ( (Table |) exhibits a carbon deficiency, no field regime satis-

—0). fies the requirements of the London model
It was shown later that other unconventional supercon- The t ni rature dependen 0/ ' 0 t
ductors also lie close to the Uemura lifeFigure 5 displays € temperature depende CTCSLL( ) UF.LL( ) suppo
the results of the specific-heat investigations, namely, that

the low-T; low o (0) regime of theT; vs o (0) plot. S ; A
Full triangles reflect the values for the present carbide super\-{c2 exhibits a weak electron-phonon coupling while it is

conductors. While ¥C,Br, and Y,C,Brygl; 5 are located enhanc_ed in ¥Colo. The low temperature values of SR
close to the Uemura line, ;C,l, deviates like the optimal depqlarlzatmn have been used to calculate the London pen-
and overdoped high, sup,ezrcérfductors etration depth for the XC,X, superconductors. Moreover, in
The depolarizatioﬁl rater  (T—0) and thus the super- the case of ¥(l, the in-plane and out-of-plane values of
conducting condensate derFlléLity 0§4Bro . o is Somewhat the London penetration depth were derived in context with

reduced with respect to that of,¥,Br,. For the mixed halo- the anisotropy ratio of the upper crltl_cal field. . .

: In the T, vs o (0) plot, the carbide materials lie close
gen compound ¥YC,Brq 545, the different halogen atoms o the Chevrel phases, organic BEDT, and BiO. SU-
are randomly distributed throughout the halogen sites, WhiCIII P 019 ' #a.BIOs

results in a distribution of the crystal potentials and may giveperconductors. ¥C,Br; and Y,C;Brod, 5 are located close
to the Uemura line. For these compounds, phase fluctuations

rise to localization effects. This may reduce the charge Cars the superconducting order parameter were considered to
rier density in the normal state and also the condensate dep- P 9 P

sity in the superconducting state and shifts @R depolar- \'(mg Bt:]el su;nedrc\c()?;uctlr;%fetéinzlggncr tgglpﬁ]rﬁé#is'enzr
ization op  (T—0) to lower values than for the .272°0515 — Y 9

corresponding compound without localization. Experimental't'es reduce the normal-state charge carrier densities and thus

evidence for localization effects in the mixed halogen com-the superconducting condensate densities, which limits the

pound Y,C,Br,_,l, were gained from investigations of the observedog (T—0) values.

temperature dependence of the electrical resisttnédso

og (T—0) for the investigated YL 5 sample is much ACKNOWLEDGMENTS
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