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Carbon isotope effect in superconducting MgCNj
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The effect of carbon isotope substitution @g in the intermetallic perovskite superconductor Mgg i
reported. Four independent groups of samples were synthesized and characterized. ThelTa\erape 2c
samples was found to be 7.12+0.02 K and the avefagi®r the °C samples was found to be 6.82+0.02 K.
The resulting carbon isotope effect coefficientiig=0.540+0.03. This indicates that carbon-based phonons
play a critical role in the presence of superconductivity in this compound.
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INTRODUCTION one *C sample were made. The starting materials were

MgCNi; has a nonoxygen based perovskite structure an8Might Mg flakes(99% Aldrich Chemical fine Ni powder
is superconducting near 7 KMgCNis and the layered bo- (99.9% Johnson Matthey and Alpha AesarC glassy car-
rocarbides(RENi,B,C) (Ref. 2 form a family of Ni-rich  bon spherical powdgAlfa Aesan, and amorphous’C (99%
intermetallic superconductors in which the Nistates are Cambridge Isotope Laboratories, IncPrevious studies on
found at the Fermi leve(Eg), and therefore the appearance MgCNi; have indicated the need to employ excess magne-
of superconductivity rather then magnetism is at first unexsium and carbon in the synthesis in order to obtain optimal
pected. Considering their structures and the potential magnearbon content>8The excess Mg is mainly vaporized dur-
tism, MgCNi and the borocarbides appear to be a bridgeng the course of the reaction, and any excess carbon is
between conventional, mtermetall_lc superconductors and%resent as elemental graphite the final product. After thor-
high-Te. cuprates, and thus gquestions about the nature ugh mixing, the starting materials were pressed into pellets,

their superconductivity are of interest, wrapped in zirconium foil, placed on an /&5 boat, and
For the case of MgCNj conventional phonon-mediated, .. bp P 0 3 o n
moderaté® and stron@® coupling superconductivity have fired in a quarftz.tlube furnace under a 95% Ar/5 % dtimo-
phere. The initial furnace treatment began with one-half

been proposed from analysis of the specific heat. Strong co
prop y P J our at 600 °C, followed by 1 h at 900 °C. After cooling,

pling is also supported by thermopower measurerfiamid the samples were reground, pressed into pellets, and placed
the presence of a large ener dpurther,s-wave pairin X L . ’
P g 9y G P 9 back in the furnace under identical conditions at 900 °C. The

has been proposed from tunneling spectroséapgint con- | d1th dditional i lowing th
tact tunneling spectroscopiRef. 8, 13C NMR studies’ and atter step was repeated three additional times. Following the

specific heat measuremestsdowever the closeness of final he_at treatment, the sampl_es_were analyzed with pc_)wder
ferromagnetisn®1%a p-wave superconducting order param- x-ray diffraction using CH, radiation. The superconducting
eter and triplet superconductivity have been proposed a ansition tgmp_erature was determined by zero field coolong
possibilitiest® Finally, evidence for unconventional super- C magnetizatiortHpc=5 Oe Hac=3 Oe f=10 kH2) from
conductivity has been provided by penetration déptyn- 19 K t0 8 K(PPMS—-Quantum Design
nelling spectrd,and critical current measurements.

The carbon atom occupies a special position in the crystal
structure of MgCNj, in the center of the Ni octahedron. The RESULTS AND DISCUSSION
Ni provides the peak in the density of statesEat From
previous work, it is known that variation of the carbon sto- The crystallographic cell parameter was determined from
ichiometry in MgG_,Ni; decrease3, and that forx about  least-squares fits to nine x-ray reflections between 20 and 90
0.2 superconductivity is no longer obsen®/d.The impor-  degrees 2 for representativé’C and**C samples. There is
tant role of carbon for the presence of superconductivity, it310 observable isotope mass dependence of the unit cell pa-
position in the crystal structure, and the fact that it is therameter,a=3.81096) Aand a=3.811615) A for M912CNi3
lowest mass element in the compound, make carbon a goathd Md*CNis, respectively. These lattice parameters are in
candidate for a possible superconducting isotope effect. lagreement with previously reported values for stoichiometric
this paper, we report the first study of the carbon isotopeMgCNis.118:20
effect in MgCNE. Surprisingly, the isotope effect is found to  Zero field cooled normalized magnetization data are pre-
be substantial, suggesting that C-based phonons play an esented in Fig. 1 for samples containing bdfic and °C
sential role in the superconducting mechanism. isotopes: data from the MECNi; samples are plotted in the
top panel(closed squargsand data from the MGCNi,
samples are plotted in the bottom paielbsed circles As

Four independent groups of 0.2 g samples of'f@Ni;  can be seen from a cursory inspection of Fig. 1, there is a
and Mg“CNi; were synthesized. In each group, dA@ and  clear shift of the superconducting critical temperat(Tfg) to
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FIG. 1. AC normalized magnetizatioiM/M, 5 ) data for all

samples in the temperature range 6—7.5 K. Upper panel presen

Mg*°CNij (close squargsand bottom panel presents RMgNis
data(close circles

lower temperatures in th&C samples. The magnetization
data in the plot have been normalized to the 4.5 K values t
facilitate easy comparison ne@g. For a detailed compari-
son, T was taken as the temperature where the extrapolati
of the steepest slope of the real part of the diamagnetic ma

netization versus temperature curves intersects the extrapol
tion of the normal state magnetization to lower temperatures

removing ambiguities inherent in the use of an
perature for definind¢. This extrapolation for one represen-
tative sample is presented in the bottom panel of Fig. 1.

The T data are summarized in Table I. The average shift
ATc=T(*2C)-T¢(*3C), was calculated to be 300 mK, with
the standard deviation value 15 mK. The carbon isotope e
fect (ac) for each of the four groups was then calculated
from the following relation:

fe

0gose to what is expected for a phonon-mediated supercon-

“onset” tem-
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whereT: andM¢ are a critical temperature and a molecular
isotope mass ratio, respectively.

The average value of the carbon isotope effect is therefore
ac=0.54+0.03. Table | presents the results for all sample
groups.

For a phonon-mediated superconductor, McMillan has
shown thafT is proportional toM™ (T 1/M%), wherea

is given by? (1_(M* | ) )

The Debye temperatur@®p) values reported for MgCHNi
range between 256 and 351°%:2° The electron-phonon
coupling constanf\) has been reported to be in the range
from A=0.77} 0.83 (Ref. 3 (from specific heat measure-
menty to A(0)=1.4 (Ref. 6 (from thermopower measure-
menty. We take the value®p=256 K and\=0.77 for our
calculations, and note thai is not very sensitive to these
parametersac is sensitive to the Coulomb coupling constant
between electronqu* ) however, which has been reported to
be in the range 0.10-0.%5.This yields an expectedc in
the range of 0.4-0.45 from the general characterization of
I\ﬁgCNi3. Our observed value of 0.54+0.03 for the isotope
effect of carbon is higher than but similar to that value.
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CONCLUSIONS

To summarize we have measured the carbon isotope ef-
ct in MgCNi;. The obtained valuey-=0.54+0.03, is very

uctor. This result indicates that carbon-based phonons play
_critical role in the presence of superconductivity in this
ompound, which shows some unconventional characteris-
tics in its superconducting state.

The carbon isotope effeai-=0.54 is higher but similar to
that reported for R{Cgy ac=0.37220.2122 and substantially
higher than that for the related borocarbide ¥BIC, where

ac is reported to be very close to zefac=0.07).2* For the

C

1l_)orocarbide, however, the boron isotope effect is measured

to be ag=0.25 (Ref. 24 and 0.21(Ref. 25 indicating a
substantial contribution of boron derived phonons to the su-
perconducting mechanism. The boron isotope effect value in
the borocarbide is very close to that in MgBeported to be

T.(*C) in the rangea=0.28 (Ref. 26 to a5=0.30 (Ref. 27. The
AlIn(To) n To(*c) implication of our measurement is that the vibration of the
ac=- & - _ C12 , carbon within the Nj octahedron strongly modulates the
AlIn(Mc) In 15 charge in the Ni—Ni near neighbor bonds that dominate the
TABLE I. Summary ofTc data.
Series No. Tc ) Te (F%0) AT¢ ac
1 7.11 K 6.83 K 0.28 K 0.50
2 7.14 K 6.84 K 0.30 K 0.54
3 711 K 6.80 K 0.31 K 0.56
4 7.13 K 6.82 K 0.31 K 0.55
Average 7.12+0.02 K 6.82+0.02 K 0.300+0.014 K 0.54+0.03
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