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ABSTRACT: We successfully synthesized the copper-
based pnictide LiCu,P,, which was reported as a super-
conductor with T = 3.7 K before. The temperature depen-
dence of resistivity and DC magnetization was measured on
both polycrystalline and single-crystalline LiCu,P,. How-
ever, our repeatable synthesizing and measurements showed
no superconducting transition either in resistivity or DC
magnetization above 2 K. A metallic behavior can be seen in
resistivity, and a Curie—Weiss behavior was observed in DC
magnetization from 2 to 300 K. We have also carried out the
Hall effect and MR measurements on the sample, from
which we conclude that the LiCu,P, has a single-band
character. We also synthesized the polycrystalline Li;—,.
Cu,P,, LiCu,_,P,, and Li,,,Cu,_,P, with different stoi-
chiometries, and observed no superconductivity in all the
samples.

he iron-based superconductors have formed a new family in

the field of high-T. superconductivity, since the discovery of
superconductivity at 26 K in the layered quaternary compound
LaFeAsO,_,F,.." Up to date, the family of the iron-based super-
conductors has been extended ragidly, including the so-called
1111 phase (LnFeAsO,1 AceFeAsF,” Ln = rare earth elements, Ae
= alkaline earth elements), 122 phase (AeFe,As,, Ae = alkaline
earth elements),® 111 phase (LiFeAs, NaFeAs),* and 11 phase
(FeSe),” 3442 phase (La3Ni P,0,),° and 21311 phase (Sr,ScO5-
FeP, Sr,VO;FeAs).” Very recently, the superconductivity in the
copper-based pnictide LiCu,P, was reported.® The interesting
point of this work is that the material LiCu,P, has a basal plane
similar to that of the iron pnictide superconductor; here in the
Cu,P,, however, the main player for possibe superconductivity is
Cu, not Fe. This would act as a bridge between the two types of
high-temperature superconductors, namely the cuprates and the
iron pnictides. However, in this work, our repeatable experiments
gave a different result. There was not superconductivity observed
in this compound.

By using a two-step solid-state reaction method, the poly-
crystalline samples of LiCu, P, were fabricated. In the first step, Li
foils and CuP powders, which were obtained by the prior
chemical reactions from Cu and P powders, were mixed in the
formula LiCu,P, and pressed into a pellet shape. The pellet was
placed in a Ta boat and sealed in a quartz tube with 0.2 bar of Ar
gas, followed by a heat treatment at 170 °C for 20 h. In order to
reduce the possible contamination of the samples with Ta, we did
not wrap the sample with the Ta foil. After being cooled down
slowly to room temperature, the pellet was ground adequately,
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Figure 1. (Upper panel) X-ray powder diffraction patterns and Rietveld
fit for the polycrystalline LiCu,P, sample. (Lower panel) 00! reflections
from the basal plane of a cleaved LiCu,P; single crystal. The inset shows
a photograph of the single-crystal.

pressed into a pellet again, and annealed at 675 °C for 20 h. The
single crystals of LiCu,P, were grown in Sn flux. The starting
materials in the ratio of Li:Cu:P:Sn = 1:2:2:15 were placed in an
alumina crucible and sealed under vacuum in a quartz tube. The
contents were then heated to 900 °C for 180 h. Subsequently the
furnace was cooled down to 600 °C at a rate of 3.5 °C/h at which
point the excess Sn was spun off with the aid of a centrifuge and
cleaned off in an aqueous solution of hydrochloric acid. All the
weighing, mixing, grounding, and pressing procedures were finished
in a glovebox under argon atmosphere with the moisture and
oxygen below 0.1 ppm.

The X-ray diffraction (XRD) measurement was carried out on
the polycrystalline powders and plate-like single-crystal. The
powder diffraction data was well fitted with the tetragonal
LiCu,P, phase with the space group of I4/mmm and minor
Cu;P phase. Rietveld refinement of XRD patterns (Figure 1)
gave a composition of the samples: 95% main phase LiCu,P, and
5% minor impurity phase Cu;P. The Rietveld refinement shown
in the upper panel of Figure 1 gave good agreement between the
data and the calculated profiles, and the agreement factors were
as follows: wR;, = 4.49%, R, = 3.33%. Lattice parameters for
LiCu,P, were determined to be a = 3.89152(5) A and ¢ =
9.56114(4) A, which is close to the result reported previously.®
As shown in the lower panel of Figure 1, an X-ray diffraction scan
of the basal plane reflections from a single crystal indicates that
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Figure 2. Temperature dependence of resistivity (black line) and dc
magnetization for the zero-field cooling (ZFC) process at a magnetic
field of H = 5000 Oe (red line) for the polycrystalline (solid symbols)
and single-crystalline (open symbols) LiCu,P, sample from 2 to 300 K.

the single crystal is chemically single phase. The peaks from the 00!
reflections are very sharp, indicating excellent crystalline quality.
Using energy dispersive X-ray fluoresence spectroscopy (EDX), we
did not find any trace of Sn impurities in our single-crystal samples.

The DC magnetization measurement was carried out on a
Quantum Design superconducting quantum interference device
(SQUID) magnetometer. The resistance data were collected using a
four-probe technique on a Quantum Design instrument physical
property measurement system (PPMS) with magnetic fields up to
9 T. In Figure 2 we present the temperature dependence of
resistivity (black line) for both the polycrystalline and single-
crystalline LiCu,P, samples. A metallic behavior can be seen: The
resistivity shows a linear relationship with the temperature above
50 K and levels off to a constant value (so-called residual resistivity)
below 50 K. And the single-crystalline sample has a smaller residual
resistivity. No superconductivity and resistivity anomaly corre-
sponding to the SDW/structural transition” were observed from
2 to 300 K. This can be further confirmed by the magnetization data
(red line), which shows the temperature dependence of dc magne-
tization for the zero-field cooling process at S000 Oe. A well-defined
Curie—Weiss behavior was observed in the whole temperature
region from 2 to 300 K, and no obvious magnetic transition was
observed down to 2 K, which is different from iron-based parent
compounds of FeAs-1111 phase™” and FeAs-122 phase.' This
experiment has been repeated for several times with the same result.

To further understand the conducting carriers in the present
sample, we also carried out the Hall effect measurements on the
polycrystalline LiCu,P, sample. The inset of Figure 3a shows the
magnetic field dependence of Hall resistivity (p,,) at different
temperatures. In the experiment, p,, was taken as p,, = [p(+H) —
p(—H)]/2 at each point to eliminate the effect of the misalign-
ment of the Hall electrodes. It is clear that p,, is positive at all
temperatures below 300 K for LiCu,P, leading to a positive Hall
coefficient Ry = p,,/H, which indicates that hole-type charge
carriers dominate the conduction in the present sample. This is
similar to that of the KFe,As, parent phase but in sharp contrast to
(Ca, Sr, Ba)Fe,As,. However, hardly any temperature-dependent
variation was observed in the whole temperature region, as shown
in the mainframe of Figure 3a. One can see that Ry remains
positive in wide temperature regime up to 300 K, and the absolute
value of Ry remains as a constant within the error bars from 2 to
300 K, which possibly indicates a single-band character. The
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Figure 3. (a) Temperature dependence of Hall coefficient Ryy deter-
mined on the polycrystalline LiCu,P, sample. Positive values of Ry; and
very weak temperature dependence can be seen. Inset: The raw data of
the Hall resistivity p,, versus the magnetic field uoH at different
temperatures. (b) Field dependence of MR for the present sample at
different temperatures. The inset shows the Kohler plot of MR.

absolute value of Ry is remarkably small, indicating a relatively
high density of charge carriers. Taking the average value of Ry =
0.04287 x 10~ ®m?/C into the equation Ry; = 1/ne, we can get the
hole concentration 1= 14579 x 10°%/m”.

The magnetoresistance (MR) is a very powerful tool to
investigate the properties of electronic scattering.'' Field depen-
dence of MR for the polycrystalline LiCu,P, sample at different
temperatures is shown in the mainframe of Figure 3b. One can
see a systematic evolution of the curvature in the Ap/py vs H
curve, where Ap = p(H) — po, p(H) and po represent the
longitudinal resistivity at a magnetic field H and that at zero
field, respectively. The data has an upward curvature, and the
absolute value of Ap/p, decreases to zero with the increase of
temperature. The semiclassical transport theory has predicted
that the Kohler’s rule will hold if only one isotropic relaxation
time is present in a solid-state system.'” The Kohler’s rule can be
written as Ap/po = F(H/ o). This equation means that the Ap/p,
vs H/py curves for different temperatures, the so-called Kohler’s
plot, should be scaled to a universal curve if the Kohler’s rule is
obeyed. The scaling based on the Kohler plot of our sample is
revealed in the inset of Figure 3b. It is clear that the curves at
different temperatures can be scaled to a universal curve, which
means that there is only one relaxation rate 7 in the transport
process in the temperature region of 2 to 300 K. It gives further
support to the argument of single-band effect. If the super-
conductivity in iron pnictides is really induced by the interband
scattering of electrons, this mechanism cannot apply to the
LiCu,P,, since a single-band feature dominates here.

To give convincing proof that other samples of LiCu,P, may
not be superconducting, we also synthesized the polycrystal-
line Li,_,Cu,P,, LiCu,_,P,, and Li,,,Cu,_,P, with different
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Figure 4. X-ray powder diffraction patterns for the polycrystalline
Li;—,Cu,P,, LiCu,—,P,, and Li;  ,Cu,_,P, with different stoichiome-
tries.
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Figure 5. Temperature dependence of resistivity for the polycrystalline
Li,—Cu,P,, LiCu,_,P,, and Li; , ,Cu,_ P, with different stoichiome-
tries.

stoichiometries, and measured the temperature dependence of
resistivity. The X-ray powder diffraction patterns of all the
samples shown in Figure 4 show a change in structure with
varied stoichiometries. With the increase of the Li deficiency in
the Li; ,Cu,P, system, the content of Li; ,Cu,P, decreases, the
impurity phase CuzP or CuP, appears obviously, and the main
peak of Li; _,Cu,P, shifts monotonically. This systematic evolu-
tion clearly indicates Li deficiency has been successfully induced.
With the increase of the Cu deficiency in the LiCu,_ P, system
and the content of Li ions occupying the site of Cu ions in the
Li; ,Cu,— P, system, the main peaks of LiCu,_,P, and Li; ;.
Cu,_,P, shift, too. When the Li ions substitute Cu ions to the
stoichiometry as Li; 4;Cu; 33P,, the main phase changes to
LisCuyPs. We observe no superconductivity in the temperature
dependence of resistivity for all the samples, as shown in Figure S.

In summary, we successfully synthesized polycrystalline and
single-crystalline LiCu,P, samples and found no superconduct-
ing transition either in resistivity or DC magnetization above 2 K.
We have also carried out the Hall effect and MR measurements
on the polycrystalline sample, from which we conclude that the
LiCu,P, has a single-band character. And we found no super-
conductivity in the polycrystalline Li; ,Cu,P,, LiCu,_,P,, and
Li; ,,Cu,_,P, with different stoichiometries.
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