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ABSTRACT In La-Cr-As system, the first ternary compound
La;CrAs; has been successfully synthesized under high-
pressure and high-temperature conditions. La;CrAs; crystal-
lizes into a hexagonal Hf;Sn;Cu-anti type structure with a
space group of P6;/mcm (No. 193) and lattice parameters of
a=b=8.9845 A and ¢=5.8897 A. The structure contains face-
sharing octahedral CrAsg chains along the c-axis, which are
arranged triangularly in the ab-plane and separated by a sig-
nificantly large distance of 8.9845 A. The magnetic properties,
resistivity and specific heat measurements were performed.
La;CrAs; exhibits a metallic state with Fermi liquid behavior
at low temperatures and undergoes a ferromagnetic transition
at Curie temperature T ~50 K. First-principles theoretical
studies were conducted to calculate its band structure and
density of states (DOS), which indicated that the non-negli-
gible contribution of La to the DOS near the Fermi level
caused La;CrAs; to be a three-dimensional (3D) metal. The
crystal orbital Hamilton population (-COHP) was also cal-
culated to explain the global stability and bonding character-
istics in the structure of La;CrAs;.

Keywords: Cr-based arsenide, ferromagnetic metal, high pres-
sure synthesis, spin chain

INTRODUCTION

The chrome arsenide related compounds have attracted
much attention due to their various structures and rich
physical properties, such as unconventional super-

conductivity (SC) [1-7]. The binary compound CrAs
with noncollinear antiferromagnetic ground state, which
adopts an orthorhombic MnP-type structure, was re-
ported to exhibit SC at 2 K by suppressing the anti-
ferromagnetic order via the application of external high
pressures above 0.8 GPa [7,8]. In addition, the recent
discovered quasi-one-dimensional Cr-based compounds
A,Cr;As; (A=Na, K, Rb, Cs) were found to be super-
conducting at ambient pressure with the maximum su-
perconducting transition temperature T, ~8.6 K [4].
These A,Cr;As; compounds crystallize in a hexagonal
crystal lattice, which consists of infinite [(Cr3As3)27]oo
double-walled linear sub-nanotubes separated by the
alkali-metal cations. When the ionic diameter of alkaline
earth metals increases from Na' ions to Cs' ions, the
superconducting T; monotonously decreases from 8.6 to
2.2 K [1,4-6]. The theory predicted that these quasi 1D
Cr-based compounds are close to a novel in-out co-planar
magnetic ground state and the SC is related to the mag-
netism [9]. It is interesting that via removing an A" ion
per formula from A,Cr;As;, another type quasi-1D
compounds ACr;As; with similar crystal structure can be
prepared [2,3,10]. The single-crystalline samples of
ACr;As; (A=K and Rb) exhibit a superconducting phase
transition at T,=5.0 and 7.3 K, respectively [2,3].

Besides the above superconducting Cr-based com-
pounds, the ternary Cr-based compounds AmCr,As,
(Am=Sr, Ba, Eu) with tetragonal ThCr,Si,-type tetragonal
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structure display rich magnetic properties [11-13]. These
compounds contain alternate CrAs layers, which consist
of edge-sharing CrAs, tetrahedra, and Am layers stacked
along the ¢ axis. SrCr,As, and BaCr,As, undergo an
itinerant G-typed anti-ferromagnetic (AFM) ground state
with high Néel temperatures (590 and 580 K, respec-
tively) [11,13], while EuCr,As, displays more complex
magnetism owing to competing FM and AFM interac-
tions with a large negative magnetoresistance (~—24%)
[12].

The ternary Cr-based arsenides containing alkali or
alkaline-earth cations have been studied extensively.
However, no information is available for ternary Cr-based
arsenides containing La’* cations to our knowledge.
Pressure is another key parameter to contribute increas-
ingly to innovations in materials sciences beyond tem-
perature and composition. High pressure is capable to
generate plenty of new materials or new phases, which
can hardly be synthesized under ambient pressure [14].
We set out to conduct an exploratory study on the La-Cr-
As system using the high pressure technique and dis-
covered a new ternary arsenide La;CrAss. In this work, we
report on the synthesis, crystal and electronic structures,
chemical bonding and physical properties of La;CrAss.
Our results indicate that the title compound presents a
three-dimensional (3D) metallic behavior with a ferro-
magnetic transition at ~50 K.

EXPERIMENTAL SECTION

Polycrystalline sample of La;CrAs; was synthesized under
the conditions of high-pressure and high-temperature.
Commercially available lumps of La (Alfa, >99.99% pure),
lumps of As (Alfa, >99.999% pure), and Cr powder (Alfa,
>99.99% pure) were used as the starting materials. The
precursor LaAs was prepared by the reaction of the La
and As lumps in an alumina crucible sealed in an evac-
uated quartz tube at 700°C for 24 h. The obtained LaAs,
Cr and As were homogenously mixed at the molar ratio
of 3:1:2, pressed into a pellet with a diameter of 6 mm,
and then subjected to high-pressure synthesis under
5.5 GPa pressure and 1400°C for 40 min in a cubic-anvil-
type high-pressure apparatus, of which the details had
been reported in Refs. [15,16].

Room-temperature powder X-ray diffraction (PXRD)
was conducted on a Rigaku Ultima VI (3 kW) dif-
fractometer using Cu Ka radiation (A=1.54060 A) gen-
erated at 40 kV and 40 mA. The XRD data were collected
with a scanning rate of 1°min ' and a scanning step
length of 0.02°. Rietveld refinements on the diffraction
patterns were performed using GSAS software packages.
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Magnetic measurements were performed using a super-
conducting quantum interference device (SQUID). The
temperature dependence of the magnetic susceptibility
measurement was carried out in the temperature range of
2-300 K with the field of 0.1 T. Isothermal dependences
of magnetization were measured at 2 and 100 K with the
magnetic field varying from 0 to 7 T. The electrical re-
sistance in the 2-300 K temperature range was measured
using the standard four-probe method in a physical
property measuring system (PPMS). Specific heat mea-
surement was carried out using PPMS from 2 to 100 K.
Soft X-ray absorption spectroscopy (XAS) at the Cr L, ;-
edges of La;CrAs; was studied at the beamline BL11A of
the NSRRC in Taiwan, China using total electron yield
mode.

Electronic structure calculations and bonding analyses
on La;CrAs; were carried out in the framework of the
density functional theory (DFT) [17] encoded in the
Vienna Ab initio Simulation Package (VASP) [18]. The
core-valence electron interactions were described by the
projector augmented-wave method [19]. A plane-wave
cutoff energy was set to 500 eV. We chose the exchange-
correlation functional as the generalized gradient ap-
proximation (GGA) with the Perdew-Burke-Ernzerhof
formalism [20]. The full Brillouin zone (BZ) was sampled
by a 8x8x12 Monkhorst-Pack mesh-grid [21]. Due to the
correlation effects of d electrons in Cr and La atoms, we
employed GGA+U scheme [22]. The on-site repulsions
were chosen to U=2.5 eV for Cr 3d orbitals [23] and U=
5 eV for La 5d orbitals [24]. It is also found that the si-
milar electronic features have been confirmed in a large
range of U 1.5-5.0 eV for Cr and 2.0-8.0 eV for La.

RESULTS AND DISCUSSION

Fig. 1 shows the Rietveld refinement of room temperature
PXRD pattern of La;CrAs;. All the peaks can be indexed
using a hexagonal structure with the lattice parameters of
a=b=8.9845 A and ¢=5.8897 A. Here, the structure of
La;TiSbs with the space group of P6s/mcm (No. 193) [25],
was adopted as the initial model to carry out the refine-
ment for the XRD data. The refinement smoothly con-
verges to y'=2.9, R,=2.5% and R,,=4.9%. The
crystallographic data were obtained and summarized as
shown in Table 1. Selected important bond distances and
angles are demonstrated in Table 2.

The sketch of the crystal structure of La;CrAss is pre-
sented in Fig. 2a, viewed with the projection along the
[001] direction. The crystal structure consists of face-
sharing octahedral CrAs, chains along the c-axis, which
are arranged triangularly in the ab-plane. Fig. 2b shows
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Figure 1 The PXRD pattern of La;CrAs; and the refinement with the
space group of P6;/mcm (No. 193).

Table 1 The summary of the crystallographic data at room tempera-
ture for La;CrAs;"
Site Wyck. x y z U (A)
La 6g 0.6227(7) 0 1/4 0.0122
Cr 2b 0 0 0 0.0239
Asl 6g 0.2417(8) 0 1/4 0.0173
As2 4d 1/3 2/3 0 0.0285

a) Space group: P6;/mcm—hexagonal (No.193); a=8.9845(1) A, c=
5.8897(1) A; V=411.73(1) A%, y’=2.9, R,=2.5%, R,,=4.9%.

Table 2 Selected distances between adjacent atoms and angles

Selected atom Distance (Ao) Selected atom Distance (Ao)
and angle (°) and angle (°)
La-As1(x2) 3.1864(1) La-La 3.6795(7)
La-As2(x4) 3.1799(1) As2-As2’ 5.1873(0)
La-As1(x2) 2.9738(5) Cr-Asl 2.6243(1)
Cr-Cr (x2)* 2.9448(1) 88.408(5)
b As1-Cr-Asl
Cr-Cr 8.9845(1) 91.592(6)

a) The intrachain distance; b) the interchain distance.

the details of octahedral CrAs, chains. The Asl anions
located on the site of (x, 0, 1/4) surround the center ions
of Cr to form CrAs, octahedron. In the CrAsq octahe-
dron, all the distances between Cr and Asl are
2.6243(1) A, which is comparable to that in binary CrAs
(2.45-2.57 A) [8]. The bond angles of As1-Cr-Asl are
88.408° and 91.592°, which deviate from the value of 90°
in a regular octahedron and indicate that the CrAs, oc-
tahedron is slightly compressed along the ¢ axis. Within
octahedral CrAsg chains, the distance between the cor-
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Figure 2 (a) The crystal structure of La;CrAs; with the projection along
the ¢ axis, showing the triangular lattice form and chain structure
characteristic. (b) The sketch of CrAsg octahedron chain in La;CrAs;.
(c) The partial structure of La;CrAss, displaying the bridge of LaAs,
polyhedron between CrAsg octahedral chains and As2 chains.

responding Cr ions in the chain (2.9448 A) is longer than
the metallic bond length of Cr (~2.5 A) [26], and it is not
obvious if metal-metal bonding is operative. Since the
electrostatic repulsion between the cationic centers of
adjacent octahedra would rather lead to elongation of the
octahedron along the stacking direction, a bonding in-
teraction between the Cr atoms must be present in
La;CrAss. Our first-principles calculations (vide infra)
show that despite the relatively long distance between
corresponding Cr ions, the Cr ions display significant
bonding interactions, which may explain the observed
distortion of the CrAsg octahedron.

Besides the CrAs, chains, the anions As2 located at the
center of the triangular lattice with the site of (1/3, 2/3, 0)
are space-equally aligned along the ¢ axis to form the As-
chains. In the As-chains, the distance of the corre-
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sponding As2 (2.9448 A) is obviously larger than the ty-
pical bond length of As-As (~2.5 A) [27]. The moderate
distance of As2-As2 hints the 4p-orbitals of As2 in the
linear As-chains can be overlapped, and thus, As2 ions
should be a hypervalent oxidation state. Similar hy-
pervalent Bi ions in Bi-chain of La;TiBi; compound have
been reported [28]. These octahedral CrAs, chains and
As-chains are separated by La ions. The distance between
the CrAs, chains is 8.9845 A, which is significantly larger
than that between adjacent Cr ions in the chain. Thus, the
crystal structure of La;CrAs; exhibits 1D spin chain
characteristic.

Fig. 2c shows the partial structure of La;CrAss, dis-
playing the connection of CrAs chains by face-sharing
LaAs, polyhedrons. There are nine As-ligands sur-
rounding the center La ions, of which four Asl ligands
come from the same CrAsg chain, one Asl ligand from
the other CrAsg chain and the other four As2 ligands
from the As2 chains. The distances of La-As range from
2.9738-3.1864 A, which is comparable to the binary ar-
senides of LaAs (~3.08 A) and LaAs, (3.12-3.25 A) [29].
In addition, it is noted that the distance of the corre-
sponding La ions is 3.6795 A, which is comparable to the
interatomic distance of La (~3.65 A) [30].

The electronic band structure and spin-resolved partial
density of states (DOS) for La;CrAs; were calculated as
shown in Fig. 3. The total energy calculations with dif-
ferent magnetic configurations suggest that La;CrAs; is a
ferromagnetic metal with the paralleled magnetic mo-
ments of two Cr atoms in a unit cell. The 4s and 3d
occupation numbers of Cr atoms are 0.25 and 4.07, re-
spectively. The calculated effective magnetic moment is
3.2 up/Cr, which is in good agreement with the following

1.5

1.0

0.5

0.0

-1.0

Figure 3 The calculated electronic band structures along high sym-
metry paths where the spin up and spin down bands are denoted by red
and blue lines (right panel) and the spin-resolved partial density of states
(left panel).
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measurement results. The results indicate a coexistence of
localized and itinerant electrons in La;CrAs;. In the band
structure, there are several bands crossing the Fermi level
along the ¢* axis including the I-A path, H-K path, and
M-L path, which suggests it is conducting along the chain
direction. In addition, along the A-H, K-I" and I'-M paths,
which are perpendicular to the ¢* axis, there are several
bands cutting the Fermi level as well. As a result, the
electrons in La;CrAs; can hop coherently between each
two of the conducting chains. From the partial DOS of
La;CrAss, it can be seen that the primary contribution to
the conduction band is from Cr and As atoms. In addi-
tion, the contribution of La 5d-orbital to the DOS near
the Fermi level cannot be negligible although it is much
less than those of As and Cr. It is suggested that the La’*
ions are not perfectly ionic and bridge the conducting
chains to cause the 3D metallic behavior.

To understand the bonding features of La;CrAss, we
further calculated the crystal orbital Hamilton population
(COHP) as implemented in the LOBSTER code [31], as
shown in Fig. 4. The optimized bond distances and the
absolute integral values of -ICOHP are listed in Table 3.
The results show that the primary bonding interactions
come from the Cr-As and La-As. The individual het-
eroatomic La-As orbital interactions have —-ICOHP va-
lues of 1.74 and 1.53eV for La-Asl and La-As2,
respectively. These Cr-Asl interactions are strongly
bonding (with an integrated —COHP of 1.42eV per
bond) with all bonding states below the Fermi level and
antibonding ones above the Fermi level. The Cr-Cr
within the face-sharing octahedral chains contacts also
show predominantly bonding interactions (-ICOHP of
0.82 eV per bond), resulting in a large contribution to the

10 T T T
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0.6
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0.2 )
O B AV A ST S
8 ]
' 70'2__ Cr-Cr
—0.44 Cr-As1
E —— La-As1
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4 3 2 -

E-E. (eV)

Figure 4 —COHP plot for the selected interactions.

1753



ARTICLES

SCIENCE CHINA Materials

Table 3 Selected interactions, their distances after structure relaxation
and their corresponding ICOHPs per bond in La;CrAs;

Interaction Distance (A) ICOHP per bond (eV)
Cr-Cr 2.986 —0.82
Cr-Asl 2.616 —1.42
La-Asl 2.998 —1.74
La-As2 3.215 —1.53
As2-As2 2.986 —1.58
La-La 3.804 —0.96

global stability. The equally long As2-As2 interactions
within the linear chains show both bonding and anti-
bonding character below the Fermi energy (Ep) with
strong bonding (-ICOHP of 1.53 eV per bond). Such a
bonding picture appears to be typical for hypervalent
interactions in metal pnictides. Furthermore, the
—ICOHP value of La-La orbital interactions is 0.96 eV.
This indicates a weak La-La interaction in La;CrAsg
which is likely one of the reasons for the attendance of the
3D electronic structure in this compound.

It is well known that soft XAS at the 3d transition-metal
L, ; edges is very sensitive to the electronic structure and
the local environment of the 3d ions, and thus it becomes
standard tool to study the charge state of 3d transition-
metal elements in the new materials [32-34]. The Cr-L,;
spectra of La;CrAs; together with that of Cr,O; as a cr’
reference is shown in Fig. 5. Compared with sharpness of
the multiplet features of the main peak for the Cr-L,;
edge of Cr,0;, the Cr-L,; spectrum of La;CrAs; is very
broad, indicating the strongly delocalized nature for the
3d states in the metallic La;CrAs;. The Cr-L,; spectra of
La;CrAs; is shifted by more than 1 eV to lower energies
with respect to the spectrum of Cr,0O;. This can be in-
terpreted as a relative low valence state, since the ground

a H=10000e
8 uZFC
oFC 160
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'g’ 020740 60 80
£ 4 L T(K) {80
o
=
2r — 1y 140
—The linear fitting
0 : ; " 1 . 0
0 50 100 150 200 250 300
T(K)

1

1l (emu g™')

La,CrAs;
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T T T
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Energy (eV)

Figure 5 Cr-L,; XAS of La;CrAs; with that of Cr,0; as Cr’" reference.

state of metal has a non-integer filling of 3d shell and E;
level locates within broad 3d band. In fact, 3d occupation
number of ~4.08 per Cr ion was obtained from our above
band structure calculation.

Fig. 6a displays the temperature dependence of mag-
netic susceptibility x(T) and inverse magnetization y '(T)
for La;CrAs; measured with H=1000 Oe. The magnetic
susceptibility increases sharply at ~50 K, exhibiting a
ferromagnetic transition. The temperature derivative of
magnetic susceptibility is also presented (shown in the
inset of Fig. 6a). The peak corresponding to the ferro-
magnetic transition can be clearly observed and T is
determined to be 50 K. The field-cooling (FC) and zero-
field-cooling (ZFC) curves are overlapped in the whole
temperature range, which suggests that the coercive force
is less than 1000 Oe. The temperature range of 150 to

M (ug/f.u.)

04-0.02 0.000.020.04
2 L L L H(T)

0 1
H(T)

2

Figure 6 (a) Temperature dependence of magnetic susceptibility y(T) (left axis) and inverse magnetization ){l(T) (right axis) for La;CrAs;. The
purple line is the fit of Curie-Weiss law between 150 and 300 K. The inset shows dy/dT vs. T. (b) The magnetic hysteresis curve measured at 2 and

100 K. The inset presents the enlarged view of the low-field data at 2 K.
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300 K was selected for fitting the high-temperature sus-
ceptibility with Curie-Wiess law 1/y=(T—T,)/C, also
shown in Fig. 6a, where C is the Curie constant and Ty is
the Weiss temperature. After the fitting, the Weiss tem-
perature T, and effective moment y.; can be obtained.
The value of T, is about 86.1 K, much higher than T,
which suggests that the intrachain spin correlations have
been developed far above T The positive value of Ty
indicates the predominant interaction is ferromagnetic.
The estimated pg is 3.11 pp/Cr, which is even smaller
than the spin-only value of 3.87 /Cr for Cr’" ion with
§=3/2. Furthermore, the Cr-L,; spectra of La;CrAs; re-
veals that the valence state of Cr is much lower than +3,
which indicates partial electrons in 3d orbital of Cr are
itinerant. The ferromagnetic nature was confirmed by
isothermal magnetization measured at 2 and 100 K as
shown in Fig. 6b. The magnetization at 100 K is linearly
dependent on the magnetic field, displaying a para-
magnetic behavior. For the M-H curve at 2 K, the mag-
netization is saturated at low magnetic field with the
coercive force ~30 Oe, as shown in the inset of Fig. 6b.
The saturation magnetization y, is about 1.8 pp and sig-
nificantly smaller than the expected for a localized spin-
only moment for high-spin Cr’* ion. Given the values of
Uee and p,, the Rhodes-Wolfarth ratio (RWR) can be
calculated. According to Rhodes-Wolfarth, RWR can be
defined as u./u, where y  is related to the number of
moving carriers and can be obtained from the relation of
yzeff=;4c(ptc+2). For a localized system, the value of RWR
should be 1, or the system diverges for itinerant ferro-
magnets [35,36]. In our case, the obtained RWR=1.26
indicates the existence of itinerant ferromagnetism in

a 12 0.012
2_0-gog MOOOB;
3
c% 06 ‘m 0004
159 o3 %
€ 0 20 40T 60 80 u Data
G (K)
c ~50 K 06 — The linear fit
Z £
a 1.0 l S 05
04
0.5 4 0 400 800 1200 1600 2000
72 (K2)
0 50 100 150 200 250 300
T(K)

La;CrAss;.

Fig. 7a displays the resistivity p(T) of La;CrAs; mea-
sured within the temperature range from 2 to 300 K,
which exhibits a metallic behavior with the room-tem-
perature resistivity p ~2.2 pQ cm (300 K).

There is an anomaly at about 50 K, where the slope of
resistivity decreases rapidly, corresponding to the ferro-
magnetic transition seen in the susceptibility data. To
clearly display the anomaly, we plotted the temperature
derivative of resistivity, as shown in the left inset of
Fig. 7a, where a peak is observed at T.. Generally, the
resistivity should have a sudden fall corresponding to
ferromagnetic transition since the electron scattering
should be reduced due to the spin ferromagnetic order-
ing. For example, ferromagnetic quasi two-dimensional
compounds Fe;GeTe, undergoes a ferromagnetic transi-
tion at 220 K, and the resistivity drops sharply corre-
sponding to the spin ordering [37]. The right inset of
Fig. 7a shows the enlarged resistivity at low temperature.
The low-temperature resistivity can be well fitted by the
formula of p=p,+AT’, where p, and A represent the re-
sidual resistivity and T°-term coefficient, respectively. The
values of parameters p;=0.40 uQcm and A=
1.27x10 *uQ ecm K are obtained. Thus, the metallic
La;CrAs; at low temperature follows the Fermi liquid
behavior.

The specific heat (SH) C,(T) curve between 2 and 100 K
for La;CrAs; is shown in Fig. 7b. Apparently, a small
anomaly is observed near T ~50 K, which confirms that
there happens a long-range magnetic ordering transition.
The small kink is a common feature for a quasi 1D spin
chain system, where most of the magnetic entropy has

1204
1004 ~50 K -_.'
< 80 l
X
I_O 60 4 Data
€ :Theﬁtting
= T
O 40 *
L
£
20 4 S
0
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0 ] T T T T(K)n
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Figure 7 (a) Temperature dependence of resistivity of La;CrAss. The left inset shows the temperature dependence of dp/dT; The right inset shows the
T variation of p at low temperature (2-45 K). (b) Temperature-dependent heat capacity between 2 and 100 K for La;CrAss. The inset displays the

fitting results of heat capacity at
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been released far above the ordering transition tempera-
ture since the short-range spin correlation has been de-
veloped gradually [38-41]. The inset of Fig. 7b shows the
enlarged view of C,(T) below 15 K. The low-temperature
C,(T) was fitted by the equation of C,(T)=yT+ [BT+0T’],
where the two terms respect the contributions of the
electronic SH and phonon SH, respectively. The fitted
values are y=623 mJmol ' K °, f8=0.0449 mJ mol ' K *
and 0=0.00239 mJ mol ' K °. The Debye temperature O,
of La;CrAs; can be derived from the value of parameter f3
to be 157.3 K by the formula of ©,=(121"Rn/5p)"”, where
n=9 is the number of atoms in the unit cell.

Since La;CrAs; consists of CrAs chains, we can have a
comparison of its properties with similar compounds
with 1D spin chains. BagV;Se;s is such a typical example,
which consists of octahedral VSes chains. Similar to
La;CrAs;, the spin chains in BayV;Se,; are separated with
a large distance of 9.57 A [41]. In quasi 1D spin chain
system, the interchain coupling governs the long-range
order although it generally is significantly smaller than
intrachain coupling. For BayV;Se;s, because of the large
interchain distance and the semiconducting nature, the
interchain coupling is very small and leads to a very low
ferrimagnetic transition temperature about 2.5 K [41].
However, in contrast to BayV,;Se,s, La;CrAs; is a 3D metal
and undergoes a long-range order at a relative high
temperature of 50 K. Therefore, it is suggested that the
interchain coupling in La;CrAs; should be much larger
than that of BagV,;Se s, owing to the existence of itinerant
electrons, and thus gives rise to long-range ferromagnetic
order at higher temperature.

CONCLUSIONS

A new compound, La;CrAss, which is the first ternary
phase in the La-Cr-As system, was synthesized under
high pressure and high temperature conditions. The
chemical features, and physical properties of La;CrAs;
were also explored. The compound crystallizes into a
hexagonal Hf;Sn;Cu-anti type structure, which contains
face-sharing octahedral CrAsg chains and these spin
chains are separated by a large distance of 8.9838 A. The
physical measurements reveal a metallic state with Fermi
liquid behavior at low temperature, accompanying a fer-
romagnetic transition at T ~50 K. Electronic structure
calculations indicate that the contribution of La to the
DOS near the Fermi level is non-negligible, which makes
this compound to be a 3D metal. It is speculated that the
interchain coupling should be mediated via the itinerant
electrons, which plays an important role in the formation
of the long-range magnetic order. The mechanism of
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magnetism in La;CrAss needs further work to study.
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