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Normal state resistivity, upper critical field, and Hall effect
in superconducting perovskite MgCNj
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The normal state resistivtity, upper critical figtt}., and Hall coefficienR,, in superconducting perovskite
MgCNi; (T.~8 K) have been studied. Above 70 §(T) fits well curve predicted by Bloch-Gneisen theory
consistently with electron-phonon scatterirtd,(0) was estimated to be about 15.0 T within the weak-
coupling BCS theory, and the superconducting coherence lgif@this approximately 47 AR, of MgCNis
is negative for the whole temperature range which definitely indicates that the carrier in MgGMectron
type. Ry is temperature independent betweéEnand ~140 K. Above~140 K, the magnitude oR, de-
creases as temperature risesTAt100 K, the carrier density is 1:010°7% cm®, which is comparable with that
in perovskite (Ba,K)BiQ, and less than that of the metallic binary MgB
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Introduction The recent discovery of superconductivity in  In this paper, we report the study of the normal state re-
the simple intermetallic compound MgBRef. 1) has at- sistivity and the measurements of the upper critical field
tracted great attention because of its relatively high transitiognd Hall coefficientR, for superconducting perovskite
temperature T.=39 K) and the highly promising potential \jgcNi,. It is found that at high temperatutabove 70 K
application. It suggests that intermetallic compounds with (T) can be fitted well by Bloch-Gneisen theory. An
simple structure types are worth serious reconsideration ecZ'T phase diagram was obtained. The sign and tempera-

sources of new superconducting materials. More recently, th .
observation of superconductivityt & K in the perovskite tUré dependence 6%, were determined by Hall effect mea-

structure intermetallic compound MgCNiRef. 2 indicates ~ Surément, which definitely indicates that the carrier in
that MgB, will not be the only one of its kind within the MJCNiz is electron-type.
chemical paradigm for new superconducting materials. Experiment To obtain perfectly stoichiometric composi-
The variable stoichiometry compound Mg, for 0.5  tion MgCNi; with highestT,, excess carbon is requiréd.
<x<1.25, has been reported and assigned to the perovski@ue to the volatility of Mg during the synthesis of this com-
structure type by analogy in 195G°,but neither its crystal pound, excess Mg is needed. In this study, a sample with
structure nor its physical properties had been determined. Byominal formula Mg ,C,; Nis was prepared. Starting mate-
using powder neutron diffraction, Het al” has found that izl were bright Mg flakes, fine powders of Ni, and the
the superconducting ~phase in nominal composition,,qers of amorphous carbon with high purity. Starting ma-
MQCy.,aNi3 is MgCo.oeNis with the classical cubic perovskite terials were mixed, ground for a few minutes, and pressed
?lrelg:g:]epﬁ (E)r? gﬁ gg%ﬁ%?’gnlg%p a}Ivsoo 7d7et§)r/m;r;)ee<(j:iftir;e into a pellet. The pellet was loaded in a Ta foil, which was in
heat measurements. Although this r\]/alu.e X, is in the turn sealed in a stainless steel reactor. The above operations
: were carried out in a glove box with an Ar environment, in

range of conventional phonon, more properties of both nor hich th ; q i | h f
mal state and superconducting state need to be clarified §nich the content of oxygen and water is less than a few

determine the microscopic mechanism of superconductivitPM- The reactor was fired in a tube furnace under high-pure
in this compound. A complete structural and electronicAr atmosphere for half an hour at 600 °C, followed by an
equivalence of the superconducting oxide perovskites suchour at 900°C. After cooling, the sample was reground,
as (Ba,K)BiQ (BKBO) (Ref. 5 and intermetallic perov- pressed into a pellet, and sintered for another one hour at
skite superconductor MgChlhas been considerédzor the 900 °C under the same environment. The resulting sample
oxide perovskites, an important characteristic of the supewas dense with a length of 7 mm and a width of 2 mm. The
conductivity is that the electronic states at the Fermi energgtructure was characterized by powder x-ray diffraction
involve holes in the oxygen electronic orbitals. Preliminary (XRD) analysis using RigakD/max-yA x-ray diffracto-
band structure calculations have shown that the electrometer with graphite monochromatized ®uwr radiation ¢
states at the Fermi surface of MgGNire dominated by the =1.5406 A). The data were collected ovef Pange from

3d orbitals of Ni® so the conduction may also involve holes 15° to 75° with a 0.02° step.

in Ni d states. Although it is expected that the carriers should In order to obtain a good Hall voltage signal, the sample
be holes as monovalent potassium replaces divalent bariumas mechanically polished until it was very thin (3gom).

in BKBO, the Hall coefficient measuremérin BKBO thin ~ The longitudinal and Hall voltages were measured by using
films indicates that the charge carriers are electrons. Theré¢he standard dc 6-probe method. The magnetic field was ap-
fore the measurement of the Hall effect in MgGIshould be  plied perpendicular to the sample surface by using a super-
very interesting. conducting magnet systef@xford Instrumentsand the ap-
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plied current is 15 mA. The Hall voltage was extracted from andp, are, respectively, a residual and a parallel resistiv-
the antisymmetric parts of the transverse voltages measureg. p, is a constant. It is found that between 70 and 300 K
under opposite directions to remove the longitudinal compoy(T) fits well curve by the Bloch-Gmeisen expression. The
nent due to the misalignment of the Hall voltage pads. Theolid line in Fig. 2 represents the result of the best fit to the
Hall voltage was found to be linear in the magnetic field.  experimental data. The best fit result giv@s=206(1) K,
Results and DisscussioRigure 1 shows the temperature ,,=202(1) € cm, pp=574(1) uQcm, and p
dependence of resistivity under zero field and the XRD pat— 177(1) xQ cm. The Einstein temperatu@g is compa-
tern (insey for the sample with nominal composition yaple with that of BKBO? Below 70 K, the fitting is not well
Mg, 5C; Niz. The XRD pattern indicates that the sample isand gives very low®g. We speculated that the Einstein
nearly single phase. By the least-square fitting to the posiphonon distribution is not proper and continuous phonon
tions of 7 Bragg reflection peaks betweefi Zalues of 15°  gpectra, such as Debye spectrum, should be adopted at low
and 75°, the cubic cell parametar-3.81154(5) A is ob-  temperature. We simply fit the low temperature resistivity
tained, being consistent with previous repdrihe resistive  gata using a power lawp=py+aT". The fit result gives
superconducting transition is very sharp. The midpoint of thep0= 120.7(1) wQ cmn=1.461). The fit curve is also
resistive transition is 8.0 K, the 90—10 % transition width iSshown as an unbroken line in Fig. 2.
less than 0.3 K, and the resistive onset temperature is 8.2 K. Figure 3 shows the(T) curves under magnetic fields up
T, of the sample is nearly the same as that reported in Ref. 26 14 T. The resistive superconducting transition shifts to low
The resistivity ratiopseo «/pg « IS 2.5 which is larger than temperature with increase of the magnetic field. The onset

that in Ref. 2. Also the normal state resistivity is about 3temperature decreases and the broadening of the supercon-
times larger than that in Ref. 2. It is important to note that the

shape ofp(T) curve is almost identical to that reported by
He et al” One can observe an upward curvature pgfr)
curve at low temperature followed by a downward one for
higher temperature. It looks similar to that of conventional 300 |- -
metals and different from the simply line@r-dependence
observed in copper oxide superconductors. The similar shap
of p(T) curve has been observed in BKBO thin ffirand
single crystal in which p(T) fits well curve predicted by
Bloch-Grineisen theory consistently with electron-phonon
scattering'°

In order to investigate to what extent the resistive behav-
ior is consistent with electron-phonon scattering mechanism
we fit the resistivity data with an explicit form of the Bloch-
Gruneisen expression which is valid in the case ofan Ein- oL . + . . ., . 4 o,
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“t=p, t+(potppn) (1) i
p Pp Po™ Ppn) FIG. 2. The temperature dependence of normal state resistivity

for MgCNi; sample. The solid lines are fits @f(T) to Bloch-
pph=p|COt}’(®E/2T)[l+(2/3)Sinhz(®E/2T)]_l. (2 Gruneisen expression and power law, respectively.
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. expected within the same weak-coupling BCS th&big
also 15.0 T forT.=8.12 K, inferred from Fig. 4. One can
. see thatuoHW"H and uoHP2 agree perfectly with each
T other. The superconducting cohereig¢@) is estimated to be
approximately 47 A, using the Ginzburg-Landau formula
for an isotropic three-dimensional superconductoyH.,
| =dy/27E%(0).
e Figure 5 shows the Hall coefficiem®, from room tem-
o1 2 3 4 5 6 7 8 9 10 perature down td . under 10 T. The two curves in the inset
TK represent the Hall voltage measured at 100 K for opposite
magnetic fields up to 10 T. Clearly, the field dependent Hall
voltage is symmetric and linear. THe, is negative for the
whole temperature range. We found tHyj is essentially
temperature independent betweenand ~140 K, at least
ducting transition is almost absent with the increasing magyithin our experimental accuracy. Abovel40 K, the mag-
netic field. This result is in contrast to the high-cuprate  pjtude of R, decreases as temperature increases. It is found
superconductors and similar to A15 intermetallic compoundspat Ry (140 K)/R,(295K) is about 1.3. AT=100 K, Ry
such as NBSn. Figure 4 shows theél;,-T phase diagram - _g 1x10°1° m3/C, and the calculated carrier density is
obtained from the vs T curves at different fields. HefB is 1 0x 10P%cnm?. The main feature of the Hall effect is the
defined as the intersection of the linear extrapolation of thq},egaﬁve Ry. It definitely indicates that the carrier in
most rapidly changing part g#(T) and that of the normal \jgCNi, is electron type, which is strongly supported by the
state resistivity, as shown in the upper inset of Fig. 4. Theyegative thermoelectrical power observed from room tem-
lower inset of Fig. 4 is the magnetic field dependence of theberature to 10 K2 The carrier density is comparable with
resistance of the sample at 2.3 K. Definidg, as the inter-  that of BKBO? and less than that of metallic binary MgB
section of the linear extrapolation of the most rapidly changTRef_ 15 and larger than that in copper oxide
ing part ofp(H) and that of the normal state resistivity, one syperconductor Another feature of the Hall coefficient is
can getHg,(2.3K)=12.5 T, which is in good agreement the fact that it depends on temperature. For conventional
with the result from temperature dependentd). Within  isotropic metal with ordinary electron-phonon scattering
the weak-coupling BCS theorfl,(T=0) can be estimated mechanism, the Hall coefficient is expected to be tempera-
using the Werthamer-Halfand-HohenbéWyHH) formula,””>  tyre independent. We note thif; temperature behavior of
MgCNi; is very similar to that of Ba ,K,BiO5 single
crystal® A good example of temperature depend& is

E |
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plained by exotic magnetic excitatioh.Preliminary band  structure. FronH,-T phase diagrant .,(0) was estimated
structure calculations have shown that the electron states ghout 15.0 T within the weak-coupling BCS theory, the su-
the Fermi surface of MgCNiare dominated by thedor-  perconducting coherence leng0) was found to be ap-
bitals of Ni® The itinerant electrons arise from the partial proximately 47 A. Negativ&R,, definitely suggests that the

filling of the nickeld states, which generally leads to ferro- carrier is electron character, is the same as that in BKBO and
magnetism as is the case in metallic. The temperature depegitferent from that in MgB. At T=100 K, Ry=—6.1

dence ofRy; may also be ascribed to magnetic excitations as, 10-1° ,3/c. and the calculated carrier density is 1.0

copper based  superconducting ~ oxides.  However, 1@ cn?, which is comparable with that in BKBO, and
Ba, ,K,BiO3 has no magnetic ion and manifests similar|gss than that of MgBand larger than that in copper oxide
temperature dependence Rf; as MgCN, so the tempera-  gyperconductorsRy, is temperature independent between
ture behavior oRy remains an open question. and ~140 K. Above ~140 K, the magnitude oRy de-

Conclusion In summary, we have measured the temperagreases as temperature increases. The temperature behavior
ture dependence of resistivity, upper critical field and Hall Ry remains an open question.

effect for superconducting perovskite MgGNAbove 70 K,
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