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Superconductivity in the Ni-based ternary compound LaNiGa2
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The agreement of the transition temperatureTc51.93– 2.01 K~10–90 % values!, measured by dc suscepti-
bility and heat-capacity techniques, provides clear evidence of bulk superconductivity in LaNiGa2 . The
normal-state specific-heat data can be fit to the expressionCn5gT1bT3 by a least squares analysis, where
g511.6460.05 mJ/mol K2 and b50.33260.06 mJ/mol K4, resulting in a Debye temperatureUD5560
610 K. Below Tc , the specific-heat data have a dominant low-temperature behavior of the form exp
@2D(0)/kBT#, where the order parameter 2D(0)53.2kBTc . In addition, the measured heat-capacity jump
DC(53262 mJ/mol K) at the transition point is found to be equal to 1.40gTc , implying that LaNiGa2 is a
weakly coupled superconductor.
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Superconductivity in nickel-based ternary or quartery
termetallic compounds was notably discussed recently.1–9As
mentioned by Nagarajanet al.,7 a relatively small number o
nickel-containing superconductors is known in the literatu
Clearly, the ferromagnetic element Ni in the compound u
ally has an adverse effect on the superconductivity. Thus
identification of superconducting Ni-based compounds is
high current interest. In this paper, we report the superc
ductivity in the compound LaNiGa2 . To our knowledge, this
is the first nickel-based ternary-gallide superconductor.
shown by dc susceptibility and heat-capacity measureme
this compound undergoes a superconducting transition
1.9760.02 K ~the midpoint of the transition!.

Polycrystalline LaNiGa2 was synthesized by arc meltin
together with stoichiometric amounts of the constituent e
ments in a Zr-gettered arc furnace on a water-cooled
hearth under purified argon of about one atmosphere. La
a purity of .99.9% was obtained from the Materials Prep
ration Center of the Ames Laboratory. Ni with 99.9% pur
and Ga with 99.99999% purity were purchased from Mor
Thiokol, Inc. and Matthey Bishop, Inc., respectively. Due
sufficiently low vapor pressures of these elements at
melting temperature of the ternary compound, weight los
during several melting and turning cycles were less th
0.5%. The arc-melted sample was then wrapped in tanta
foil and zirconium foil, sealed under argon in a quartz tu
and annealed for ten days at 600 °C. This heat treatment
followed by a water quench to room temperature. A mic
computer controlled MXP3 diffractometer equipped with
copper target and a graphite monochrometor for CuKa ra-
diation was used to obtain the powder x-ray diffracti
~XRD! patterns. It was found that a nearly single pha
sample could be achieved. As shown in Fig. 1, except for
two less intense reflections at 2u534.55° and 40.91°, eac
peak line of the XRD patern for LaNiGa2 can be indexed in
an orthorhombic NdNiGa2-type structure10 with space group
Cmmm. Though the chemical formula of the impurity pha
with the two unindexed peak lines in Fig. 1 is not clear,
still can identify the fact that the superconducting property
the sample investigated has no relation with this impu
phase which can also be found in our another nonsuper
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ducting La-Ni-Ga samples. A refinement of the lattice para
eters of the unit cell was determined by the method of le
squares using the eleven intense reflections for 2u,50° and
including an internal silicon standard (a50.543083 nm).
The lattice parametersa54.268(1) Å,b517.70(1) Å, and
c54.226(4) Å were then obtained, a little bit smaller th
the previously reported values in the literature.10

Figure 2 displays the temperature dependence of the z
field cooled and field-cooled magnetization for the LaNiG2
sample measured in a field of 10 Oe between 1.80 and
K with a Quantum Design superconducting quantum int
ference device magnetometer. It is seen that the 10–9
values of the superconducting transition signal occur at
temperatures 1.93 and 2.01 K. The quite narrow transit
width ~0.08 K! is a manifestation of purity of the supercon
ducting phase. The strong diamagnetic signal ofxdc does not
prove the existence of bulk superconductivity in LaNiGa2 .
Convincing evidence for bulk superconductivity is
specific-heat anomaly.

The specific heat of a piece~;3 mg! cut from the sample
was measured in the range of 0.35–20 K with a He3 relax-
ation calorimeter using the heat pulse technique11 in the

FIG. 1. Room-temperature powder-x-ray-diffraction pattern
LaNiGa2 using CuKa radiation. The two less intense peak line
with x mark belong to impurity phase.
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Earth’s magnetic field. The sample was attached to a s
phire chip, which has two separated silicon films deposi
on it to serve as a heater and a thermometer. The calibra
of the thermometer was done against a calibrated german
thermometer. For each point of the specific-heat meas
ments, a small heat power was introduced to the chip and
thermal relaxation was measured and analyzed to obtain
specific heat of the sample. Figure 3 displays the tempera
dependence of the specificC for the compound LaNiGa2
between 0.35 and 6 K. In bothxdc andC measurements th
transition occurs over an identical interval of about 0.08
~10–90 % values!. The agreement of transition temperatur
measured by both techniques are clear evidence of bulk
perconductivity in LaNiGa2 . The specific-heat data plotte
asC/T againstT2 in Fig. 4 show that the heat capacityC of
LaNiGa2 , in the normal state at temperatures below 6 K, c
be fitted to the expressionCn5gT1bT3 by a least-square
analysis, which yields the valueg511.6460.05 mJ/mol K2

and b50.33260.006 mJ/mol K4, the latter value corre-
sponding to the Debye temperatureUD5560610 K.
For comparison tog, we have estimatedgBCS from the

FIG. 3. Heat capacity of specimen LaNiGa2 between 0.35 and
3.0 K in the Earth’s field.

FIG. 2. Temperature dependence of the zero-field cooled~ZFC!
and field-cooled ~FC! magnetization data for the compoun
LaNiGa2 measured in a field ofH510 Oe between 1.80 and 3.0 K
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measured specific heat jumpDC (3262 mJ/mol K) at Tc

(1.9760.02 K) using the Bardeen-Cooper-Schrieffer~BCS!
relationgBCS5DC/1.43Tc;11.36 mJ/mol K2. The observed
value of g (11.6460.05 mJ/mol K2) is in good agreement
According to the microscopic theory of superconductivi
the specific-heat data belowTc have a dominant low-
temperature behavior of the form exp@2D(0)/kBTc#. Analysis
of our data shown in Fig. 3, that is, 2D(0)53.2kBTc , pro-
vides evidence that the gap is of the order of 5.2 meV.

dc electrical resistivity measurements were made betw
1.80 and 300 K using a standard four-probe technique i
Quantum Design system fully automated for temperature
bility and data acquisition.12 Fine platinum wires~;2 mil
diameter! were spot welded to the rectangular-shap
sample, and served as the voltage and current leads.
complete resistivity data between 1.80 and 300 K for
polycrystalline sample LaNiGa2 are presented in Fig. 5. It is
seen that the residual resistivity and residual resistivity ra
values for superconducting LaNiGa2 are 14.1mV cm and
5.2, respectively. The zero resistance temperature~2.05 K!,

FIG. 5. Electrical resistivity vs temperature between 1.80 a
300 K for LaNiGa2 . Inset:r vs T between 1.80 and 2.70 K.

FIG. 4. Specific heat divided by temperatureC/T vs T2 of
LaNiGa2 between 0.35 and 6.0 K. The value ofg was obtained by
extrapolating the specific heat in this plot ofC/T vs T2 down to
0 K.
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shown in the inset of Fig. 5, is slightly higher than the tra
sition point value obtained by dc susceptibility and he
capacity measurements. This phenomenon is proba
due to the surface superconductivity13,14 of this compound.
As a concluding remark, the Ni-based intermetallic co
pound LaNiGa2 , which crystalizes in the NdNiGa2-type
structure, exhibits phonon-mediated superconductivity w
t
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Tc;1.9760.02 K, as characterized by the magneti
specific-heat, and resistivity data.

We are grateful to Dr. Y. Y. Chen for assistance
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