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The compounds composed of transition metal cations and pnictide anions provide a rich platform for studying novel
physical phenomena. Here we report on the observation of a phase transition at ~ 70 K and 145 K in layered compound
EuCuyAs; and SrCugAs,, respectively. from both the transport and heat capacity. The thermal expansion measurements
show that the variation of the lattice parameters (AL;/L,p) around 7p is much less than that for a typical crystalline phase
transition. Our experimental results reveal that the transition in EuCuyAs, and SrCugAs; should be driven by subtle

structural-distortion.

Keywords: thermal expansion, specific heat, lattice-distortion

PACS: 61.66.—f, 65.40.Ba, 65.60.+a

1. Introduction

The compounds composed of transition metal cations
and pnictide anions provide a rich platform for studying
novel physical phenomena and various phase transitions,
such as structural phase transition,!!! superconductivity,?!
magnetism,>*! and charge density wave (CDW) order.!>-0]
For example, in BaAgyAs,, an anomalous resistivity peak
was observed at 150 K which derives from a structural dis-
tortion with the in-plane distortion without CDW and band
reconstruction.!”) In the doped BaFe,As,, high temperature
superconducting phase occurred in the vicinity of a collinear
antiferromagnetic order and a tetragonal—orthorhombic struc-

8-10

tural distortion related to orbital/spin order.#-'°1 Meanwhile,

anomalous specific heat and electric transport were reported to
be caused by a pure lattice-driven distortion in BaNiyAs,,!!!]
so were the CDW-order-driven distortions in BaPtyAs, and
SrPt As,. 1501 Recently, it has been reported that SrAgsAs,
and EuAgsAs, exhibit anomalous resistivity at 110 K and
120 K.'">131 In EuAg4As,, an anomalous resistivity transition
at ~ 120 K was regarded as a first-order structural transition,
which is accompanied with a superlattice, which is verified by
the single-crystal x-ray precession images below 120 K.[3]
Like EuAg4As,, EuCusAs, also displays an anomalous re-
sistivity with a hysteresis at 75 K associated with structural

distortion.!!* These findings suggest that further investigation
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of arsenides will be able to discover more exotic phenomena,
which contributes to the study in this area.

In this work, we report on a study of two arsenides
ACuygAs; (A = Eu and Sr) combined, by the measurements of
electric transport, magnetization, heat capacity, transmission
electron microscope (TEM), and thermal expansion. These
two compounds were synthesized as early as decades ago.
However, their physical properties have not been well stud-
ied yet. Our transport and heat capacity measurements show
a transition at 7p ~ 70 K in EuCusAs; and at 7p ~ 145 K in
SrCusAs;. Thermal expansion reveals a subtle lattice param-
eter variation near 7p while the structural characterization of
TEM shows no structure phase transition nor CDW below and
above Tp. These results are in sharp contrast to the previous
observations of EuAgsAs, and EuCugAs;. Our experimental
data suggest that this transition is a nonmagnetic transition and
relates to lattice distortion, which provides a clue to compre-
hending the transitions in EuCusAs; and SrCusAs;.

2. Method

The crystals of EuCusAsy and SrCusAs, were synthe-
sized by using Bi flux method. The molar ratio of elements
was Eu shots (3N purity)/Sr shot (3N purity): Cu plates (4N
purity): As shots (4N purity): Bi shots (SN purity) = 1:4:2:8.
Oxide layer of Eu/Sr shots was scraped off from the surface.

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn
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The mixture agents in the alumina crucible were sealed into a
quartz tube under high vacuum. The furnace was heated to
950 °C and held for 3 days, then slowly cooled to 680 °C
taking a week. The flux was removed by quick centrifu-
gation. Several crystals each with a size of 2 mmXx3 mm,
were obtained, and the optical photographs of EuCusAs; and
SrCuy4As, are shown in the inset of Figs. 1(b) and 1(c), respec-

tively.
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Fig. 1. (a) Crystal structural unit cell of ACusAs; (A = Eu and Sr). XRD
patterns of single crystal for (b) EuCusAs; and (c) SrCugAs;, with the left
insets showing optical images of several typical single crystals, and the right
insets referring to the rocking curve at (009) peak of EuCusAs, and (006)
peak of SrCuyAs;, respectively.

The compositions and stoichiometry of crystals were de-
termined by energy dispersive spectrometer (EDS) equipped
on SEM/FIB dual beam system (Helios nanolab600i, FEI
Inc.). The x-ray diffraction (XRD) patterns were measured
by Rigaku-TTR3 x-ray diffractometer using Cu-K « radiation.
The magnetization was measured with a magnetic property
measurement system (MPMS, QD Inc.). Resistivity and spe-
cific heat capacity measurements were performed on physical
properties measurement system (PPMS-14T, QD Inc.). Se-
lected area electron diffraction patterns were obtained by Talos
F200X equipped with a liquid—nitrogen-cooled holder. Ther-
mal expansion measurements in ab plane and along c axis
were done by using home-made strain gauge!'>! and capaci-
tance dilatometer, '] respectively.

3. Results and discussion

The layered compound ACu4As; is iso-structural to
EuAg4As, and SrAg4As; with the space group of R3m in
rhombohedral CaCu4P; structure!!”! as illustrated in Fig. 1(a).
Eu ions (Sr ions) are located between Cu,As layers. The XRD
patterns with crystalline indices (00/) are shown in Figs. 1(b)
and 1(c) for EuCusAs; and SrCusAs,, respectively. As shown
in the inset of Figs. 1(b) and 1(c), the values of full width at
half maximum (FWHM) of rocking curves are as low as 0.16°
and 0.18° at the peak of (009) and (006), respectively, imply-
ing that these as-grown single crystals are of high quality.
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Fig. 2. Curves of temperature-dependent in-plane resistivity of (a) EuCusAs, and (b) SrCusAs; under heating (red line) and cooling (blue line)
cycling at zero magnetic field, respectively. (c) Temperature-dependent reciprocal of susceptibility (1/x-T") measurement for H || ¢ and H || ab;
difference in reciprocal of susceptibility between H || ¢ and H || ab (A1/y) (olive line) for EuCuyAs, at H = 100 Oe (1 Oe =79.5775 A-m~1).
(d) Temperature-dependent susceptibility for H || ¢ and H || ab for SrCusAs, at H = 2 T, with inset showing magnified part of H || ¢ curve.

Figure 2(a) shows temperature-dependent resistivity of
EuCuyAs,. It suggests a metallic behavior in both heating cy-
cle and cooling cycle. An hump at 7p ~ 70 K with no hys-
teresis and a peak at Ty ~ 35 K can be observed. The peak at

Ty originates from ferromagnetic transition'') and the hump
at Tp is consistent with the bifurcation point of the 1/x-T
curves for H || ab and H || ¢ as shown in Fig. 2(c). The Al/x
(A1/x =1/xu — 1/x.) curve (olive line) is plotted to observe

106102-2



Chin. Phys. B 32, 106102 (2023)

the difference of reciprocal of susceptibility between H || ¢
and H || ab clearly. The anisotropic effective susceptibilities
for EuCuysAs; at Tp are also observed in other systems, which
is considered to stem from the crystal fields change.!'®!°! Fig-
ure 2(b) displays the curves of temperature-dependent resistiv-
ity measured in both cooling and heating cycles for StCusAs;,
where a typical metallic behavior with a hump at 7p ~ 145 K
but no hysteresis can be observed in the p,—7 curves. Fig-
ure 2(d) exhibits the temperature-dependence of susceptibili-
ties (x—T) for H || ab and H || ¢ at H = 2 T. A clear kink su-
perimposed on the paramagnetic background is observed near
Tp in the direction of H || ¢. The inset shows part of of y—T for
H || c. Tt s clear that the hump at 7p is unrelated to the mag-
netic moment of Eu ions as seen by comparing the results of

electric transport and magnetization between EuCusAs; and
SrCuyAs;.

In order to figure out the origin of the anomalous hump
in py—T curve at Tp ~ 70 K in EuCugAs; and 145 K in
SrCusAs;, temperature-dependent heat capacity (Cp) mea-
surements at different magnetic fields in a temperature range
from 2 K to 200 K are carried out as shown in Figs. 3(a) and
3(b). A peak at Ty and a hump at 7p can be identified from
zero field heat capacity (green) for EuCusAs;. The hump at
Tp remains unchanged under different magnetic fields while
the peak at Ty gradually moves to higher temperature with the
increase of magnetic field, indicating the underlying ferromag-
netic transition as shown in the inset with a zoom-in near 7y.
Like the scenario in EuCuyAs,, a magnetic field independent
hump can be observed in SrCusAs,. These results clearly re-
veal that the hump at 7p originates from a thermodynamic sec-

ond order phase transition with a non-magnetic nature.
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Fig. 3. (a) Heat capacity measurements of EuCusAs, from 2 K to 200 K at H = 0 T, 2 kOe, and 5 kOe, with inset showing zoom-in around
35 K. (b) Heat capacity measurements of SrCugAs, from 2 K to 200 K at H = 0 T and 3 T, with black linereferring to fitting line. (c) Fitting
zero magnetic field heat capacity data (red solid line) from 70 K to 200 K after translating and magnifying part below 75 K and the magnetic
contribution to the entropy (olive solid line) for EuCugAs,, with dashed line representing a reference guide line. Heat capacity in transition
region corrected for the fitted background together with an estimate of the transition entropy obtained by integrating (C,—Cy;)/T for (d)

EuCuyAs; and (e) SrCuygAsy, respectively.

The heat capacity data can be fitted by the expression
C = yT + Cg + Cp, where the first term YT on the right-hand
side is the electron contribution, with y being the Sommerfeld
coefficient. Cg and Cp are the heat capacity furnished by the
Einstein formula and Debye formula, respectively, specifically
given by the following expressions:

yre)

Cg =3ngR———
E Nng (ey_1)27

7\ /o xte
Cp =9npR | — T—.
D np (9D> /0 / (exil)g

Here x = 6p/T, y = 6g/T, 6p and Og are the Debye tem-
perature and the Einstein temperature, respectively. The data
ranging from 70 K to 200 K are translated up appropri-
ately to eliminate the influence of the kink in EuCusAs, as
shown in Fig. 3(c). For EuCusAs,, Cg is not taken into ac-
count. The parameters ¥ = 105.8 mJ-mol~!-K~! and 6p =
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209.24 K are obtained. The magnetic contribution Cpgg in
EuCuysAs; can be estimated by subtracting the electron and
phonon contribution from the fitting result, and magnetic en-
tropy from the magnetic ordering reaches a limiting value of
16.5 J-mol~!1.K~! at 50 K, closing to the theoretical value of
RIn8 (R = 8.31 J-mol~!.K~!). Transition entropy AS at Tp is
estimated at 1.24 J-mol~!-K~!. For SrCu4As,, the data are fit-
ted from 2 K to 115 K, as shown by the black line in Fig. 3(b).
The parameters ¥ = 242.2 mJ-mol~!-K~!, 6p = 152 K, and
O = 258.5 K are obtained. Transition entropy AS at 7Tp is es-
timated at 0.64 J-mol~!.K~!.

To figure out the origin of the phase transition near 7p,
the structural characterization from the SAED studies by us-
ing TEM technique is performed. Figures 4(a) and 4(c), and
figures 4(b) and 4(d) show the SAED patterns with the elec-
tron incidence parallel to the [0001] and [1010] directions at
300 K and 100 K for SrCuysAs,, respectively. The diffraction
pattern below 7p is identical to that above 7p. No noticeable
change of crystal structures in space group occurs, indicating
that the transition near 7p is irrelevant to structural phase tran-
sition or CDW transition. The SAED pattern of EuCusAs;
is absent, because the 7p below liquid nitrogen temperature is
beyond the equipment limit. The experimental results of elec-
tric transport, magnetism, heat capacity, and SAED mentioned
above demonstrate that the transition at 7p in our ACusAsy
does not trigger off any type of magnetic or structural transi-
tion nor space group changes.

300 K

0009-#
s o

*0003+*
g *
-

"0006**

Fig. 4. SAED patterns of SrCuyAs, taken along zone axis [0001] at (a)
300 K and (b) 100 K, respectively. SAED patterns of SrCuyAs, taken along
zone axis [1010] at (c) 300 K and (d) 100 K.

Figures 5(a) and 5(b) show the temperature-dependent
thermal expansion (AL/L) both in the ab-plane and along ¢
axis for EuCusAs; and SrCusAs;, respectively. A continuous
drop of ¢ axis about AL./L. ~ 0.8%o¢ and a continuous slight

increase of ab-plane about AL, /L, ~ 0.196%0 occur as tem-
perature decreases from 74 K to 61 K in EuCusAs;. Simi-
larly, a slight drop of ¢ axis about AL./L. ~ 1% and a subtle
increase of ab-plane about AL, /L, ~ 0.007%o are observed
in SrCusAs; when the temperature decreases from 160 K to
145 K. These subtle lattice parameter changes correspond to
the Tp transition at 70 K in EuCuy4As, and 145 K in SrCuyAs,
determined from the temperature-dependent resistivity and the
susceptibility curves.
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Fig. 5. Thermal expansion of lattice parameters in ab plane and along ¢
axis in (a) EuCugAs; and (b) SrCuysAs;, respectively.

The transition of temperature-dependent resistivity has
also been observed in several analogous compounds. 1320211
However, first-order specific heat peak and the emergence of
superlattice peaks and hysteresis on py,—1 curves are observed
in EuAgsAs,. While in EuCuyAs;, " no hump on heat capac-
ity and a small hysteresis on p,,—7T at Tp are observed. In both
EuAg4Asy and EuCuysAs,, this transition is attributed to the
structural distortion. Furthermore, for CaCusAs,,*2! a kink at
~ 50 K with a hysteresis on p,—T7 is identified as a result of
CDW transition. In our samples, the A-type anomalous hump
of heat capacity near Tp indicates that the Tp-transition belongs
to the second order-like thermodynamic phase transition. The
conclusion of the second order transition can also be inferred
from the result of subtle change of lattice parameters. This
subtle lattice distortion is much smaller than a typical crys-
tal structural transition with a lattice change on the order of
~ 0.5%—1%.[23:24]

Additionally, similar phenomena have been observed in
CdyRe> 071227 and LiOs03,?8! including the anomalous
kink in resistivity, A-shaped anomalousness of heat capac-
ity, and a kink in magnetization. This transition can be at-
tributed to destruction of mirror symmetry caused by the aver-
age position displacement of Li ions in LiOsO3 and Cd ions in
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Cd;Re, 07 measured by convergent beam electron diffraction
(CBED). Therefore, the transition may originate from the dis-
placement of Cu ions in EuCusAs; and SrCuyqAs,. To further
reveal the physical origin of the unique 7p transition, angle-
resolved photoemission spectroscopy (ARPES), CBED, reso-
nance inelastic x-ray scattering (RIXS) or scanning tunneling
spectrum (STS) measurements are helpful in ascertaining the
underlying physical origin of this intriguing transition.

4. Conclusions

In summary, EuCusAs; and SrCusAs, feature a transition
at Tp ~ 70 K and 145 K, respectively. The origin of structural
phase transition and CDW for this transition can be ruled out
from the characterization of the SAED pattern under different
temperatures. The thermal expansion measurements show that
subtle lattice parameters change near 7p for both EuCusAs;
and SrCuyAs;. The experimental observations suggest that the
nonmagnetic transition at 7p should be related to lattice distor-
tion and may originate from the displacement of Cu ions. Our
results provide a platform for exploring the anomalous transi-
tions.
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