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a b s t r a c t   

In this work, we report on the critical properties of ferromagnetic metal La3CrAs5, where the face-sharing 
CrAs6 octahedral chains are separated by a large distance. Bulk magnetization measurements near the Curie 
temperature TC are carried out in details. Then we used modified Arrott plot, Kouvel-Fisher method and 
critical isotherm analysis to analyze the isothermal magnetization curves, and thus obtained a set of precise 
and self-consistent critical exponents (β, γ and δ), which are close to the theoretical values of chiral XY 
model. In addition, the scaling equation is followed by the magnetization-field-temperature curves, con-
firming the reliability of these critical exponents. Furthermore, the magnetic exchange distance, decaying as 
J(r) ~ r−4.7, indicates the predominant long-range magnetic coupling in La3CrAs5. Furthermore, the magnetic 
entropy change − ΔSM around the TC reaches a maximum value, such as SM

max is 1.23 J/kg-K for H = 50 kOe, 
and the relative cooling power (RCP) is 51.70 J/kg at H = 50 kOe. Our results reveal that the magnetic critical 
behavior in La3CrAs5 should be attributed to the synergistic action between the direct magnetic exchange 
and the itinerant electron mediated indirect spin exchange, and the interchain spin coupling should be 
greatly enhanced via the itinerant electrons and then leads to the increase of the long-range magnetic 
ordering temperature. 

© 2022 Elsevier B.V. All rights reserved.    

1. Introduction 

Quasi-one-dimensional (1D) systems exhibit many rich and novel 
physical properties because of the reduction of dimensions such as 
complex magnetic states, and even unconventional superconductor  
[1–3]. According to the Mermin-Wager theorem, the formation of a 
long-range magnetic order at finite temperature in an ideal 1D spin 
chain system is prevented by strong thermal or quantum fluctuation  
[4]. However, for a quasi-1D spin system, although the inter-chain 
spin interaction strength should be far less than the intra-chain one, 
it governs a long-range magnetic transition. Recently, a series of 

Ba3MX5 (M = Fe, Ti, V, Co, Cr; X = S, Se, Te) compounds have been 
synthesized and studied as one of typical quasi-1D systems [5–10]. 
These compounds crystalize into a hexagonal structure, and consist 
of face-sharing octahedral MX6 chains along the c-axis, which are 
arranged triangularly in the ab-plane with a large distance (~ 9.5 Å), 
presenting a strong 1D character [5–10]. Owing to the weak spin 
coupling between the well-separated spin chains, all the Ba3MX5 

compounds exhibit semiconducting behaviors and low long range 
ordering transition temperatures, which are less than 15 K [5–7,9,10]. 
For example, Ba9V3Se15 undergoes a ferrimagnetic transition with 
Tc ~ 3.5 K [5], and Ba9Fe3Se15 has a ferromagnetic-like ground state 
with Tc ~ 14 K [7]. 

Besides the Ba3MX5 compounds, La3TiZ5 (Z = P, As, Sb, Bi) was 
reported to have a similar structure with well-separated octahedral 
TiZ6 chains [11–13]. However, the non-negligible contributions of La 
to the density of state (DOS) at the Fermi level result in the three- 
dimensional (3D) metallic behavior for La3TiZ5 compounds [11]. 
After the substitution of Ti by Cr, the new compound of La3CrAs5 was 
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reported by our previous work with the crystal structure shown in 
the inset of Fig. 1(a), where the face-sharing CrAs6 octahedral chains 
are separated by La atoms with a large distance about 8.98 Å [14]. 
Although La3CrAs5 exhibit a strong quasi 1D spin chain character, it 
was reported to be a 3D metal and undergoes a long-range ferro-
magnetic transition with a higher Tc ~ 50 K compared with that of 
Ba3MX5 system. In addition, the Weiss temperature Tθ (~ 86.1 K) is 
much higher than Tc and the magnetic susceptibility below Tθ de-
viates from the Curie-Weiss behavior, which reveals a common 
quasi-1D spin chain property that short-range spin correlation as-
sociated with intrachain spin coupling always be developed gradu-
ally before the formation of the long-range ordering [14]. La3CrAs5 is 
the rare example that the well-separated spin chains should be 
coupled with itinerant carriers. Therefore, it will be interesting to 
study the magnetic behavior of La3CrAs5 and make clear why the 
ordering temperature in metallic La3CrAs5 is much larger than that 
in semiconducting Ba3MX5. 

In this paper, we investigated the magnetic critical behavior of 
La3CrAs5 with quasi-one-dimensional spin chains in detail. It is 
found that the obtained critical exponents (β, γ and δ) of La3CrAs5, 
which undergoes a second-order magnetic phase transition at Tc, are 
reliably and close to the theoretical values of the chiral XY model. 
The magnetic entropy change and relative cooling power as function 
of field was analyzed. In addition, the magnetic exchange distance 
decays as J(r) ~ r−4.7, implying the long-range magnetic coupling in 
La3CrAs5. Comparing with Ba3MX5, the significantly higher long- 
range spin ordering temperature in La3CrAs5 is proposed to arise 

from the enhancement of interchain spin coupling due to the 
mediation of itinerant electrons. 

2. Experimental 

A polycrystalline sample of La3CrAs5 was prepared by using the 
high-pressure and high-temperature technology. The mixed La and 
As lumps were sealed in an evacuated quartz tube and heated at 
700 °C for 24 h to synthesize the precursor LaAs. The obtained LaAs, 
Cr and As powders were homogenously mixed according to the 
elementary ratio of La3CrAs5. The mixture was pressed into a 6-mm- 
diameter pellet, and then sintered at 5.5 GPa 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]. The x-ray diffraction (XRD) 
measurement was carried out on a Rigaku Ultima diffractometer 
with Cu Kα radiation (λ = 1.54060 Å). The magnetic measurements 
were preformed using a superconducting quantum interference 
device (SQUID). The isothermal magnetization curves were mea-
sured from 40 to 60 K with the magnetic field varying from 0 to 5 T. 

3. Results and discussions 

Fig. 1(a) shows the Rietveld refinement for the XRD of La3CrAs5 

with space group P63/mcm (No. 193), indicating the sample syn-
thesized under high pressure and high temperature conditions is a 
single phase. The summary of the crystallographic data is listed in  
Table 1. Here, we can see that the obtained lattice parameters of 
La3CrAs5 are a = b = 8.9838 Å and c = 5.8891 Å, in agreement with the 
reported work [14]. Fig. 1(b) exhibits the temperature dependence of 
magnetization M(T) measured with the applied magnetic field of 
1000 Oe for La3CrAs5. In the whole temperature region, the magnetic 
susceptibility curves in field-cooling (FC) and zero-field-cooling 
(ZFC) models are overlapped. As the temperature decrease, a sharp 
increase near 50 K can be clearly observed. In addition, the inset of  
Fig. 1(b) gives the isothermal magnetization measured at 2 K, and 
the magnetization rapidly reaches saturated at very low magnetic 
field. These results indicate La3CrAs5 exhibit a typical ferromagnetic 
order behavior and agree with the previous report [14]. 

The isothermal magnetization measurements of La3CrAs5 be-
tween 40 and 60 K with temperature interval ΔT = 1 K were carried 
out to study the magnetic critical behavior, which is an effective 
method to understand the nature of the magnetism in magnetic 
materials. The result is shown in Fig. 2(a). Fig. 2(b) exhibits the Arrott 
plots M2 vs H/M, which is plotted based on above isothermal mag-
netization data. It is found that all the slopes of Arrott plots are 
positive, indicating that the transition near Tc of La3CrAs5 is a 
second-order ferromagnetic transition, according to the criterion 
suggested by Banerjee [17]. In addition, the mean-field theory sug-
gests that in the high field region, a series of parallel straight lines 
should occur in the M2 vs H/M curves. However, all the curves in the 
Arrott plots for La3CrAs5 (see Fig. 2(b)) are nonlinear, ruling out 
the possibility of mean-field model, hence the Arrott plots should be 
modified. 

Fig. 1. (a) The X-ray diffraction patterns and the refinement with space group of 
P63/mcm using Gsas software packages for La3CrAs5. The inset shows crystal structure 
of La3CrAs5. (b) The susceptibility χ verse temperature for La3CrAs5. The inset shows 
the isothermal magnetization curve measured at 2 K. 

Table 1 
The summary of crystallographic data for La3CrAs5.         

Compound La3CrAs5 

Space group: P63/mcm – Hexagonal (No.193) 
a = b = 8.9838(1) Å; c = 5.8891(1) Å 
V = 411.63(1) Å3 

χ2 = 3.3; Rp = 2.9%; Rwp = 5.4% 
Site Wyck. x y z U(Å) SOF  

La  6g 0.6272(7) 0 1/4  0.0110  1 
Cr  2b 0 0 0  0.0223  1 
As(1)  6g 0.2488(8) 0 1/4  0.0050  1 
As(2)  4d 1/3 2/3 0  0.0381  1 
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A series of interrelated critical exponents (β, γ and δ) can be used 
to describe the critical behavior of magnetic materials with a 
second-order magnetic phase transition. There are some common 
modified Arrott plots, which are derived from several theory models: 
3D Heisenberg model (β = 0.364, γ = 1.386) [18], 3D Ising model 
(β = 0.325, γ = 1.24) [18], Chiral XY model (β = 0.253, γ = 1.135) [19] and 
tricritical mean-field model (β = 0.25, γ = 1.0) [20]. Fig. 3(a–d) shows 
the modified Arrott plots constructed by above four universal 
models. We can find that all the four models exhibit roughly parallel 
straight lines in the high field region. In order to identify which one 
is the best model, we plotted the curves of normalized slopes (NS) vs 
T for the four common different models, as shown in Fig. 4. Here, the 
normalized slopes (NS) were defined as NS = S(T)/S(TC), where S(T) is 
the slope of M1/β vs (H/M)1/γ and the S(TC) is the slope when T = TC  

[21,22]. If the critical exponents are proper, all the values of NS 
should be equal to 1.0. As shown in Fig. 4, it is obviously observed 
that the deviation of the Chiral XY model is minimum among these 
four models. The result indicates that the critical behavior of 
La3CrAs5 possibly belongs to the Chiral XY model. 

Then, we employed an iterative method to determine precisely 
the critical exponents, which has been detailed described in the 
reference [23]. Based on the scaling hypothesis, the mathematical 
relation of the exponents β, γ and δ, can be written as [24,25]: 

= < <M (T) M ( ) , ( 0, T T ),S 0 C (1)  

= > >h /M ( ) ( 0, T TC),0
1

0 0 (2)  

= = =M(H) DH ( 0, T T ).1/
C (3) 

where = (T T )/TC C is the reduced temperature, M0, D and h0/M0 

are the critical amplitudes, Ms(T) is the spontaneous magnetization, 
which can be obtained from the intersection of the linear extra-
polation line in high magnetic field parts with the M1/β axis, χ0

−1(T) 
are the inverse of initial magnetic susceptibility, obtained by the 
same method as Ms(T), but the intersection is with the (H/M)1/γ axis. 
Using the Eqs. (1) and (2) to fit the Ms(T) and χ0

−1(T) data, we can get 
the new critical exponents of β and γ, and then reconstruct a new 
modified Arrott plots M1/β vs (H/M)1/γ [19]. The above procedures 
were repeated until we obtain the stable values of β and γ. Other-
wise, we should note that the initial parameters (β, γ and δ) have no 
influence on these exponents obtained by this method. Here, we 
take Chiral XY model (β = 0.253, γ = 1.135) as the initial parameters, 
and after several above processes, we obtained the critical ex-
ponents: β = 0.285(6) with TC

¯ ~ 49.9(3) K and γ = 1.162(7) with 
TC

+ ~ 49.4(5) K, as shown in Fig. 5(a). 
In addition, we can also obtain the critical exponents and TC by 

using Kouvel-Fisher method [24]: 

=M (T)/
dM (T)

dT
(T T )/s

s
c

(4)  

=(T)/
d (T)

dT
(T T )/0

1 0
1

c
(5)  

As shown in Fig. 5, the linear fitting on the plot of temperature 

dependence of M /( )s
dM
dT

s and /( )0
1 d

dT
0

1
, yields β = 0.280(6) with 

TC
¯ ~ 49.8(6) K and γ = 1.160(5) with TC

+ ~ 49.4(8) K, which agree well 
with those obtained from the iterative method. 

Beside β and γ, another critical exponent δ can be obtained from 
the Eq. (3) [24,25]. Fig. 6 shows the isothermal magnetization at 
50 K, and the inset shows the plot on the logarithmic scales. The 
critical exponent δ can be estimated to be 5.16(6) by the linear fitting 
on the ln(M) vs ln(H) plot in the high field range. Furthermore, ac-
cording to statistical theory, it can also be directly calculated using 
the Widom scaling relation δ = 1 + γ/β [26]. Here, using the values of β 
and γ obtained from the Kouvel-Fisher method, the value of δ is 
calculated to be 5.13(5), which is close to the value determined 
from Fig. 6. 

To further confirm the validity of the above analysis about the 
critical exponents and TC, we can check these values whether follow 
the scaling equation in the critical asymptotic region, which can be 
written as [26]: 

= ± +M(H, ) f
H

(6) 

where f is the scaling function with f+ for T  >  TC and f- for T  <  TC. 
From the scaling equation, if the critical exponents and TC are rea-
sonable, we can see that two universal curves, one for T  >  TC and the 
other for T  <  TC, should be exhibited in the plot of M(H, ) vs 

+ H( ) . As shown in Fig. 7(a), it is clear that the curves for all the 
isothermal magnetization data collapse into two separated branches, 
which is more visible in the logarithmic scale, shown in the inset of  
Fig. 7(a). In addition, this can be further verified by a more rigorous 
method using an m2 vs h/m plot, where the renormalized magneti-
zation m M(H, ) and the renormalized field +h H( ) . As 
shown in Fig. 7(b), all the curves also collapse into two divided 
branches. Thus, the values of the critical exponents β and γ and the 
critical temperature TC obtained by different method are confirmed 
to be reliable. 

Table 2 shows the critical exponents of La3CrAs5 obtained by 
various methods and those of some common theoretical models. We 
can see that the acquired critical exponents of La3CrAs5 by various 
methods are close to those of the Chiral XY model, but they slightly 

Fig. 2. (a) Isothermal magnetization curves between 40 K and 60 K of La3CrAs5. 
(b) Arrott plots M2 vs H/M. 
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deviate the theoretical value. The Chiral XY model has been theo-
retically predicted by Kawamura to exist in frustrated triangular 
lattice, where a 120° spin structure could happen [27]. In the ex-
periments, the chiral XY critical behavior was observed in some 
quasi-1D compounds, such as CsMnBr3 [28], CsMnI3 [29] and CsNiCl3  

[29], where the interaction between chains is weak, and mainly 
results from the interchain electronic hopping. The distances 
(7.1–8.2 Å) between the spin chains in these compounds is obvious 
shorter than that of La3CrAs5 (~ 9.0 Å). Thus, the interchain electronic 
hopping in the above compounds should be weaker than that of 
La3CrAs5. However, for La3CrAs5, these spin chains are contacted 
with the itinerant electrons, and then result in the stronger inter-
action between spin chains, which causes a high 3D long-range 
order transition temperature, despite of strong 1D structure 

characteristic. The above reason might contribute to the deviation 
from the prediction of the chiral XY model. 

Furthermore, analyzing the nature and the range of interaction in 
La3CrAs5 is also pretty critical. It is known that for a homogenous 
magnet, the exchange interaction J(r) decides the universality class 
of magnetic phase transition. According to renormalization group 
theory analysis, the long-range exchange interactions decay as 

+J(r)~r (d ), where d and σ are the spatial dimension and a positive 
constant, respectively [21]. Moreover, σ can be determined by the 
following equation [21,30]: 

= + +
+

+ +
+

× +
+

+
×

( )
1

4
d

n 2
n 8

8(n 2)(n 4)
d (n 8)

1
2G (7n 20)

(n 4)(n 8)2 2

d
2 2

where = d
2

and =( ) ( )G 3d
2

1
4

d
2

2
, n is the spin dimension-

ality. Herein, we found that {d: n} = 3:3 and σ = 1.70 generates the 
critical exponent γ = 1.146, which is closed to the values obtained by 
above different methods, as shown in Table 2. That is, the magnetic 
exchange distance decays as J(r) ~ r 4.7. The renormalization group 
theory analysis suggests that σ  >  2 implies that the short-range spin 
interaction dominates in the system, while σ  <  2 implies the long- 
range spin interaction [21,30]. In the case of La3CrAs5, the J(r) lies 
between that of mean-field model (σ = 1.5, r = − 5) and Heisenberg 
model (σ = 2, r = − 4.5), but is closer to that of the mean field model, 
suggesting the long-range spin interaction should play an important 
role in La3CrAs5. 

In La3CrAs5, the distance between the adjacent Cr ions within the 
spin chains is about 2.9 Å, which is slightly larger than the metallic 
bond length of Cr (~ 2.5 Å). The previous first-principles calculation 
also showed that there exist predominantly bonding interactions 
between the Cr irons within the face-sharing CrAs6 octahedral 
chains, which implies the Cr-Cr direct exchange interaction can 

Fig. 3. The modified Arrott plots at different models: (a) 3D Heisenberg model, (b) 3D Ising model, and (c) Chiral XY model. (d) Tricritical mean field model.  

Fig. 4. the normalized slopes NS = S(T)/S(TC) vs temperature for different model.  
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occur in the chains [14]. However, direct exchange interaction does 
not occur between the interchain Cr ions, because the spin chains 
are separated by a significantly large distance of more than 9 Å. It is 
well known that for a quasi-1D spin chain system, the long-range 
magnetic order transition is governed by the interchain spin cou-
pling and generally occurs at very low temperature because of the 
weak interchain coupling strength, as have seen in the semi-
conducting Ba3MX5 compounds [14]. For La3CrAs5, in spite of the 
well-separated Cr-chains, it demonstrates a three-dimensional me-
tallic behavior and the Cr-3d orbitals has a primary contribution to 
the conduction band. What’s more, it undergoes a ferromagnetic 

transition at 50 K, which is much higher than that in Ba3MX5 system. 
Therefore, it is proposed that the interchain spins should be coupled 
via the itinerant electrons and the coupling strength is greatly en-
hanced due to the Ruderman-Kittel-Kasuya-Yosida (RKKY) or double 
exchange mechanism. In the case of La3CrAs5, both direct exchange 
interaction and the itinerant electron mediated indirect spin ex-
change are involved and the synergistic action is responsible for the 
magnetic order formation. 

To further gain more information on the critical properties of 
La3CrAs5, the magnetic entropy change ΔSM(T, H) has been studied, 
which can be calculated by the following equation [31]: 

= =S (T, H)
S
H

dH
M
T

dH,M
0

H

T 0

H

H

where =( ) ( )S
H T

M
T H

is deduced by the Maxwell’s equation. For the 

magnetization measured at small discrete temperature and mag-
netic intervals, ΔSM(T, H) can be approximately determined as: 

=
+

+
S (T, H)

M(T, H)dH M(T , H)dH

T T
.M

0
H

i 0
H

i 1

i i 1

Fig. 8(a) shows the calculated results for − ΔSM(T, H). At different 
magnetic fields, all the values of − ΔSM(T, H) reach maximum around 
Tc, and the peaks are broadened asymmetrically on both sides. The 
maximum magnetic entropy change ( SM

max), which is around the 
ferromagnetic transition temperature, is 1.23 J/kg-K for H = 50 kOe.  
Fig. 8(b) shows the field dependence of SM

max. In general, for an 
undergoing a second-order transition material, the maximum 
magnetic entropy change as function of field obeys the power 
of =S aHM

max n, where a is a constant and n at TC is related 
to the critical exponents, which can be written as 

Fig. 5. (a) The spontaneous magnetization MS(T) (left) and inverse initial suscept-
ibility χ0

−1(T) (right) vs temperature La3CrAs5 The red is the fitting curves. (b) Kouvel- 
Fisher plot for MS(T)(dMS(T)/dT)−1 (left) and χ0

−1(T)(dχ0
−1(T)/dT)−1 (right) with the solid 

fitting lines. 

Fig. 6. The isothermal magnetization curve at 50 K with a red fitting curve. The inset 
presents the plot on ln-ln scale with a red solid fitting line. 

Fig. 7. (a) Scaling plots of renormalized magnetization m vs renormalized field 
h below and above TC for La3CrAs5. The inset presents the plot on ln-ln scale. 
(b) The m2 vs h/m plot. 
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= + +n(T ) 1 ( 1)/C [32,33]. After fitting of the SM
max data, n 

can be estimated to be 0.594(6), which is close to the n value of 
0.506, determined from modified Arrott plot. 

The relative cooling power (RCP) is another vital parameter for 
magnetic refrigerators, which is defined as RCP = ×S TM

max
FWHM, 

where δTFWHM is the full width at half maximum [34]. In addition, 
the RCP depends on the magnetic field, which can be expressed as 
RCP = bHm, where b is a constant and m is also related to the critical 
exponents as m = 1 + 1/δ. The field dependence of RCP is shown in  

Fig. 8(c). The RCP at H = 50 kOe is about 51.70 J/kg, which is smaller 
than that of those typically magnetocaloric materials, owing to the 
relatively small SM

max. By fitting RCP curve, m can be obtained to 
be m = 1.190(2), and then the critical exponent δ is deduced to be 
5.26, which is in agreement with those values obtained from mod-
ified Arrott plot and critical isotherm analysis. 

4. Conclusions 

In summary, the critical behavior of La3CrAs5 has been in-
vestigated in detailed. The critical exponents obtained from various 
methods match well and follow the scaling equation, which in-
dicates that the magnetism of La3CrAs5 can be described by the 
Chiral XY model. Furthermore, the exchange interaction distance 
decays as r−4.7 with the long-range interaction, which possibly result 
from the synergistic action of the direct exchange interaction and 
the itinerant electron mediated indirect spin exchange. Comparing 
with Ba3MX5, the enhancement of the long-range spin ordering 
temperature in La3CrAs5 is proposed to arise from the increase of 
interchain spin coupling due to the mediation of itinerant electrons. 

CRediT authorship contribution statement 

Lei Duan: Formal analysis, Investigation, Data curation, Writing – 
original draft, Writing – review & editing; Visualization. XianCheng 
Wang: Conceptualization, Formal analysis, Writing – original draft, 
Writing – review & editing. Jun Zhang: Formal analysis, Data 
curation, Writing – original draft, Visualization. JianFa Zhao: Data 
curation, Visualization. Zhiwei Zhao: Data curation, Visualization. 
Changjiang Xiao: Formal analysis, Writing – original draft. 
Chunlong Guan: Data curation, Visualization. Shun Wang: Data 
curation, Visualization. Liping Shi: Formal analysis, Data curation. 
Jinlong Zhu: Formal analysis, Writing – original draft, Writing – 
review & editing; Resources. ChangQing Jin: Conceptualization, 
Project administration, Formal analysis, Writing – original draft, 
Resources. 

Declaration of Competing Interest 

The authors declare that they have no known competing fi-
nancial interests or personal relationships that could have appeared 
to influence the work reported in this paper. 

Acknowledgments 

We greatly appreciate the support of the Doctoral Fund of Henan 
University of Technology under Grant no. 2020BS029, the National 
Key R&D Program of China under Grant no. 2018YFA0305700, the 
National Natural Science Foundation of China under Grant no. 
11974410 and 11820101003 and the Stable Support Plan Program 
of Shenzhen Natural Science Fund under Grant no. 202009251 
52415003. This research is also supported by the Science Foundation 
of National Key Laboratory of Science and Technology on Advanced 

Table 2 
Critical exponents of La3CrAs5 obtained from different methods (MAP = modified Arrott plot; KF = Kouvel-Fisher method; CI = critical isotherm analysis) and some common 
theoretical models.         

Composition Technique Ref. Tc (K) β γ δ  

La3CrAs5 MAP This work  49.9 0.285(6) 1.162(7) 5.07(1)cal  

KF This work  49.8 0.280(6) 1.160(5) 5.13(5)cal  

CI This work  50.0   5.16(6) 
Chiral XY model Theory [19]  0.253 1.135 5.49 
Mean field model Theory [18]  0.5 1.0 3.0 
3D Heisenberg model Theory [18]  0.365 1.386 4.8 
3D Ising model Theory [18]  0.325 1.24 4.82 
Tricritical mean-field Theory [20]  0.25 1.0 5.0 

Fig. 8. (a) Temperature dependence of magnetic entropy change − ΔSM at different 
magnetic fields. (b) and (c) is field dependence of SM

max and RCP with the red fitting 
curves. 

L. Duan, X. Wang, J. Zhang et al. Journal of Alloys and Compounds 905 (2022) 164214 

6 



Composites in Special Environments under Grant no. 614295203114, 
and Natural Science Foundation from the Department of Science & 
Technology of Henan Province under Grant no. 202102210217 and 
202300410106. 

References 

[1] L. Duan, J. Zhang, X.C. Wang, Z.W. Zhao, C.J. Xiao, X. Li, Z.W. Hu, J.F. Zhao, W.M. Li, 
L.P. Cao, G.Y. Dai, C.W. Ren, X. He, R.Z. Yu, Q.Q. Liu, L.H. Tjeng, H.-J. Lin, C.T. Chen, 
C.Q. Jin, High pressure phase of Ba2FeS3: an antiferromagnet with one-dimen-
sional spin chains, J. Alloy. Compd. 859 (2021) 157839. 

[2] J. Zhang, M.L. Jin, X. Li, X.-C. Wang, J.-F. Zhao, Y. Liu, L. Duan, W.-M. Li, L.-P. Cao, 
B.-J. Chen, L.-J. Wang, F. Sun, Y.-G. Wang, L.-X. Yang, Y.-M. Xiao, Z. Deng, 
S.-M. Feng, C.-Q. Jin, J.-L. Zhu, Structure-spin-transport anomaly in quasi-one- 
dimensional Ba9Fe3Te15 under high pressure, Chin. Phys. Lett. 37 (2020) 087106. 

[3] J.-K. Bao, J.-Y. Liu, C.-W. Ma, Z.-H. Meng, Z.-T. Tang, Y.-L. Sun, H.-F. Zhai, H. Jiang, 
H. Bai, C.-M. Feng, Z.-A. Xu, G.-H. Cao, Superconductivity in quasi-one-dimen-
sional K2Cr3As3 with significant electron correlations, Phys. Rev. X 5 (2015) 
011013. 

[4] N.D. Mermin, H. Wagner, Absence of ferromagnetism or antiferromagnetism in 
one- or two-dimensional isotropic heisenberg models, Phys. Rev. Lett. 17 (1966) 
1133–1136. 

[5] J. Zhang, M. Liu, X. Wang, K. Zhao, L. Duan, W. Li, J. Zhao, L. Cao, G. Dai, Z. Deng, 
S. Feng, S. Zhang, Q. Liu, Y.F. Yang, C. Jin, Ba9V3Se15: a novel compound with spin 
chains, J. Phys. Condens. Matter 30 (2018) 214001. 

[6] L. Duan, X.-C. Wang, J. Zhang, J.-F. Zhao, W.-M. Li, L.-P. Cao, Z.-W. Zhao, C. Xiao, 
Y. Ren, S. Wang, J. Zhu, C.-Q. Jin, Doping effect on the structure and physical 
properties of quasi-one-dimensional compounds Ba9Co3(Se1–xSx)15 (x = 0–0.2), 
Chin. Phys. B 30 (2021) 106101. 

[7] J. Zhang, Alexander C. Komarek, M.L. Jin, X.C. Wang, Y. Jia, J. Zhao, W. Li, Z. Hu, 
W. Peng, X. Wang, L.H. Tjeng, Z. Deng, R. Yu, S. Feng, S. Zhang, M. Liu, Y.-f. Yang, 
H.-j. Lin, C.-T. Chen, X. Li, J. Zhu, C.Q. Jin, High-pressure synthesis, crystal 
structure, and properties of iron-based spin-chain compound Ba9Fe3Se15, Phys. 
Rev. Mater. 5 (2021) 054606. 

[8] J. Zhang, Y. Jia, X. Wang, Z. Li, L. Duan, W. Li, J. Zhao, L. Cao, G. Dai, Z. Deng, 
S. Zhang, S. Feng, R. Yu, Q. Liu, J. Hu, J. Zhu, C. Jin, A new quasi-one-dimensional 
compound Ba3TiTe5 and superconductivity induced by pressure, NPG Asia Mater. 
11 (2019) 60. 

[9] J. Zhang, L. Duan, Z. Wang, X. Wang, J. Zhao, M. Jin, W. Li, C. Zhang, L. Cao, Z. Deng, 
Z. Hu, S. Agrestini, M. Valvidares, H.J. Lin, C.T. Chen, J. Zhu, C. Jin, The synthesis of 
a quasi-one-dimensional iron-based telluride with antiferromagnetic chains and 
a spin glass state, Inorg. Chem. 59 (2020) 5377–5385. 

[10] L. Duan, X.-C. Wang, J. Zhang, J.-F. Zhao, L.-P. Cao, W.-M. Li, R.-Z. Yu, Z. Deng, C.-Q. Jin, 
Synthesis, structure, and properties of Ba9Co3Se15 with one-dimensional spin chains, 
Chin. Phys. B 29 (2020) 036102. 

[11] L. Duan, J. Zhang, X. Wang, J. Zhao, L. Cao, W. Li, Z. Deng, R. Yu, Z. Li, C. Jin, High- 
pressure synthesis, structure and properties of new ternary pnictides La3TiX5 

(X = P, As), J. Alloy. Compd. 831 (2020) 154697. 
[12] T. Murakami, T. Yamamoto, F. Takeiri, K. Nakano, H. Kageyama, Hypervalent 

bismuthides La3MBi5 (M = Ti, Zr, Hf) and related antimonides: absence of 
superconductivity, Inorg. Chem. 56 (2017) 5041–5045. 

[13] S.H. Devon Moore, Laura Deakin, Michael J. Ferguson, Arthur Mar, Physical 
properties and bonding in RE3TiSb5 (RE = La, Ce, Pr, Nd, Sm), Chem. Mater. 14 
(2002) 4867–4873. 

[14] L. Duan, X. Wang, F. Zhan, J. Zhang, Z. Hu, J. Zhao, W. Li, L. Cao, Z. Deng, R. Yu, 
H.-J. Lin, C.-T. Chen, R. Wang, C. Jin, High-pressure synthesis, crystal structure 
and physical properties of a new Cr-based arsenide La3CrAs5, Sci. China Mater. 63 
(2020) 1750–1758. 

[15] C.Q. Jin, Using pressure effects to create new emergent materials by design, MRS 
Adv. 2 (2017) 2587–2596. 

[16] C.Q. Jin, S. Adachi, X.J. Wu, H. Yamauchi, S. Tanaka, 117 K superconductivity in the 
Ba-Ca-Cu-O system, Physica C 223 (1994) 238–242. 

[17] B.K. Banerjee, On a generalised approach to first and second order magnetic 
transitions, Phys. Lett. 12 (1964) 16–17. 

[18] S.N. Kaul, Static critical phenomena in ferromagnets with quenched disorder, J. 
Magn. Magn. Mater. 53 (1985) 5–53. 

[19] A. Oleaga, A. Salazar, D. Prabhakaran, J.G. Cheng, J.S. Zhou, Critical behavior of the 
paramagnetic to antiferromagnetic transition in orthorhombic and hexagonal phases 
of RMnO3 (R = Sm, Tb, Dy, Ho, Er, Tm, Yb, Lu, Y), Phys. Rev. B 85 (2012) 184425. 

[20] D. Kim, B. Revaz, B.L. Zink, F. Hellman, J.J. Rhyne, J.F. Mitchell, Tricritical point and 
the doping dependence of the order of the ferromagnetic phase transition of 
La1−xCaxMnO3, Phys. Rev. Lett. 89 (2002) 227202. 

[21] X. Yang, J. Pan, S. Liu, M. Yang, L. Cao, D. Chu, K. Sun, Critical behavior and ani-
sotropic magnetocaloric effect of the quasi-one-dimensional hexagonal ferro-
magnet PrCrGe3, Phys. Rev. B 103 (2021) 104405. 

[22] T. Yu, X. Yu, E. Yang, C. Sun, X. Zhang, M. Lei, Critical behavior and magnetocaloric 
effect in magnetic Weyl semimetal candidate Co2−x ZrSn, Chin. Phys. B 28 (2019) 
067501. 

[23] A.K. Pramanik, A. Banerjee, Critical behavior at paramagnetic to ferromagnetic 
phase transition in Pr0.5Sr0.5MnO3: a bulk magnetization study, Phys. Rev. B 79 
(2009) 214426. 

[24] J.S. Kouvel, M.E. Fisher, Detailed magnetic behavior of nickel near its curie point, 
Phys. Rev. 136 (1964) A1626–A1632. 

[25] H.E. Stanley, Introduction to Phase Transitions and Critical Phenomena, Oxford 
University Press, London, 1971. 

[26] B. Widom, Surface tension and molecular correlations near the critical point, 
J. Chem. Phys. 43 (1965) 3892–3897. 

[27] H. Kawamura, Universality of phase transitions of frustrated antiferromagnets, 
J. Phys.: Condens. Matter 10 (1998) 4707–4754. 

[28] J. Wang, D.P. Belanger, B.D. Gaulin, Specific-heat critical behavior of CsMnBr3 and 
holmium: two tests of chiral universality, Phys. Rev. Lett. 66 (1991) 3195–3198. 

[29] M. Enderlet, G. Furtuna, M. Steiner, Chiral universality in CsMnI3 and CsNiCl3, 
J. Phys.: Condens. Matter 6 (1994) L385–L390. 

[30] M.E. Fisher, S.-k. Ma, B.G. Nickel, Critical exponents for long-range interactions, 
Phys. Rev. Lett. 29 (1972) 917–920. 

[31] K.A. Gschneidner Jr., V.K. Pecharsky, A.O. Tsokol, Recent developments in mag-
netocaloric materials, Rep. Prog. Phys. 68 (2005) 1479–1539. 

[32] V. Franco, J.S. Blázquez, A. Conde, Field dependence of the magnetocaloric effect 
in materials with a second order phase transition: a master curve for the 
magnetic entropy change, Appl. Phys. Lett. 89 (2006) 222512. 

[33] H. Oesterreicher, F.T. Parker, Magnetic cooling near Curie temperatures above 
300 K, J. Appl. Phys. 55 (1984) 4334–4338. 

[34] K.A. Gschneidner Jr., V.K. Pecharsky, A.O. Pecharsky, C.B. Zimm, Recent devel-
opments in magnetic refrigeration, Mater. Sci. Forum 315–317 (1999) 69–76.  

L. Duan, X. Wang, J. Zhang et al. Journal of Alloys and Compounds 905 (2022) 164214 

7 

http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref1
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref1
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref1
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref1
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref2
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref2
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref2
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref2
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref3
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref3
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref3
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref3
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref4
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref4
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref4
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref5
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref5
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref5
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref6
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref6
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref6
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref6
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref7
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref7
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref7
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref7
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref7
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref8
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref8
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref8
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref8
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref9
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref9
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref9
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref9
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref10
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref10
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref10
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref11
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref11
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref11
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref12
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref12
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref12
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref13
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref13
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref13
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref14
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref14
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref14
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref14
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref15
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref15
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref16
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref16
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref17
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref17
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref18
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref18
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref19
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref19
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref19
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref20
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref20
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref20
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref21
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref21
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref21
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref22
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref22
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref22
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref23
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref23
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref23
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref24
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref24
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref25
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref25
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref26
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref26
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref27
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref27
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref28
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref28
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref29
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref29
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref30
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref30
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref31
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref31
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref32
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref32
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref32
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref33
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref33
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref34
http://refhub.elsevier.com/S0925-8388(22)00605-3/sbref34

	Critical behavior of the ferromagnetic metal La3CrAs5 with quasi-one-dimensional spin chains
	1. Introduction
	2. Experimental
	3. Results and discussions
	4. Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	References




