
 

 

Physical properties and magnetic structure of a layered 

antiferromagnet PrPd0.82Bi2 

Meng Yang,1, 2 Changjiang Yi,1 Fengfeng Zhu,3 Xiao Wang,3 Dayu Yan,1, 2, Shanshan Miao,1 

 Yixi Su,3, ∗ and Youguo Shi,1, 2, † 

1Beijing National Laboratory for Condensed Physics and Institute of Physics, Chinese Academy of Sciences, 

Beijing 100190, China 

2Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, 

Beijing 100049, China 

3Julich Centre for Neutron Science (JCNS) at Heinz Maier-Leibnitz Zentrum (MLZ), Forschungszentrum 

Julich GmbH, Lichtenbergstraße 1, 85748 Garching, Germany 

We report the physical properties, crystalline and magnetic structures of a layered 

antiferromagnetic (AFM) material PrPd0.82Bi2. The measurements of magnetic properties and heat 

capacity indicate an AFM phase transition at TN ∼7 K. A large value of the Sommerfeld coefficient at 

329.23 mJ mol-1 K-2 is estimated based on the heat capacity data, implying a possible heavy fermion 

behavior. The magnetic structure of this compound is investigated by a combined study of neutron 

powder and single-crystal diffraction. It has been found that an A-type AFM structure with magnetic 

propagation wavevector k = (0 0 0) is formed below TN. The Pr3+ magnetic moment is aligned along 

the crystallographic c-axis with an ordered moment of 1.694(3) μB at 4 K, which is smaller than that 

of the free Pr3+ ion at 3.58 μB. PrPd0.82Bi2 can be grown as large as 1×1 cm2 in area with a layered 

shape, and is very easy to be cleaved, providing a unique opportunity to study the interplay between 

magnetism, possible heavy fermions and superconductivity. 
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I. INTRODUCTION  

The layered pnictide materials has attracted much attention in recent decades in the condensed 

matter physics community [1–4]. One large family of materials with the general chemical formula of 

AMPn2 ( A = alkali earth or rare earth element, M = transition metal, and Pn = pnictogen) has been 

extensively studied. This series of compounds is usually found to have a tetragonal ZrCuSi2-type 

structure (space group P4/nmm), where the A, MPn and Pn layers are alternately stacked with each 

other, emerging many novel physical properties, such as superconductivity in LaNi1-xBi2, LaPd0.85Bi2 

and doped CaFeAs2[16-19][5,6], and possible Dirac fermions in topological semimetals SrMnBi2, 

BaMnBi2, and BaMnSb2 [7–13]. Replacing alkali earth elements or lanthanum with magnetic rare 

earth elements, such as Ce-Nd, Eu and Yb et al, may introduce additional ingredients to these materials, 

such as antiferromagnetic (AFM) order, Kondo effect, and heavy fermion behavior. For example, the 

Kondo effect has been observed in some Ce-based intermetallic compounds [20–23], due to the partial 

screening of the local magnetic moments of the 4f electrons at low temperatures. At much lower 

temperature, the AFM order may appear because of the dominating Ruderman-Kittel-Kasuya-Yosida 

(RKKY) interaction that would favor an antiferromagnetic coupling between the local moments of the 

4f electrons, such as in PrPdSb2 (TN ∼ 7.6 K) [24], CePd1-xBi2 (TN ∼6 K) [17], LnAuBi2 (TN ∼2.6 K 

for Ln = Nd; TN ∼ 7.4 K for Ln = Pr, et al.) [25,26], and ErNi1-xSb2 (TN ∼ 3.5 K) [27]. However, the 

bulk superconductivity observed in the polycrystalline CeNi1−xBi2 [28] is still controversial. Recent 

report based on the studies of a series of LnNi1-xBi2 (Ln = Ce-Nd, Sm, Gd-Dy) single crystals has 

suggested that the observed superconductivity is not an intrinsic phenomenon but is derived from 

minority phases [25]. 

In this paper, we report the physical properties and magnetic structure of a possibly new member 

of the AMPn2 family: PrPd1-xBi2. Similar to previously reported isostructural materials containing the 

Ni or Pd element, PrPd1-xBi2 also possesses Pd vacancies, and the value of x is estimated to be 0.82 

based on the single-crystal x-ray diffraction (XRD) analysis. We found that PrPd0.82Bi2 exhibits an 

AFM order below ∼ 7 K, and neutron diffraction experiments have revealed an A-type AFM structure 

with the magnetic moments of Pr3+ ions aligned along the crystallographic c-axis. A large Sommerfeld 



 

 

coefficient estimated from heat capacity implies a possible heavy fermion behavior. Moreover, 

PrPd0.82Bi2 shows a zero-resistivity behavior that is possibly caused by the minority phases , giving 

the absence of diamagnetism in the sample. Thus, we suggest that PrPd0.82Bi2 may provide an 

opportunity to clarify the existing controversies about the low temperature physical properties of this 

class of materials.  

II. EXPERIMENTAL DETAILS  

Single crystals of PrPd0.82Bi2 were grown from the Bi-flux method. High-purity Pr, Pd and Bi 

elements were put in an alumina crucible with a molar ratio of 1:1:10. The operations were performed 

in a glove box filled with argon. Then the crucible was sealed in a quartz tube under high vacuum 

followed by heating to 1273 K, dwelling for 5 hours and slowly cooling down to 873 K. Afterward, 

excess Bi flux was removed in a centrifuge. Large and plate-like single crystals with metallic luster 

were yielded with a typical size of 4 × 9 × 1 mm3. The crystals are sensitive to the damp air and will 

be pleated and turning yellow after air-exposure for several hours. 

Single-crystal XRD was carried out by using a Bruker D8 Venture diffractometer equipped with 

Mo Kα radiation (λ = 0.71073 Å). The collected data was refined by full-matrix least-squares fitting 

on F2 using the SHELXL-2016/6 program. Powder XRD was performed on a Bruker D2 Phaser 

powder diffractometer by using Cu Kα radiation. Powder samples were obtained from grinding some 

single crystals. All of the XRD data were collected at room temperature. Chemical composition of the 

single crystals was analyzed by energy-dispersive x-ray spectroscopy (EDX) in a Hitachi S-4800 at an 

accelerating voltage of 15 kV. 

Magnetic susceptibility (χ) was measured in Magnetic Properties Measurement System (MPMS, 

Quantum Design Inc.) between 2 and 300 K at various fixed applied magnetic fields in field-cooling 

(FC) and zero-field-cooling (ZFC) configurations. Isothermal magnetization (M-H) was measured in 

a sweeping field from -70 to 70 kOe. Both of applied field directions perpendicular and parallel to the 

crystallographic c-axis were measured. The Cp and electronic resistivity (ρ) were detected from 2 to 

300 K in various fixed magnetic fields in Physical Property Measurement System (PPMS, Quantum 

Design Inc.). The Cp was measured by a thermal-relaxation method and the ρ was measured via four-



 

 

probe technique with dc mode. 

Neutron scattering experiments were carried out at the polarized neutron instrument DNS at Heinz 

Maier-Leibnitz Zentrum (MLZ) at Garching, Germany. To determine the magnetic structure of 

PrPd0.82Bi2, one piece of single crystal weighing ∼ 200 mg was fixed on an aluminum sample stick in 

a standard top-loading 4 K closed-cycle cryostat, with the (H 0 L) reciprocal plane being placed in the 

horizontal scattering plane. The wave length of the neutron beam used for the measurements is λ = 4.2 

Å. The polarization rate of the neutron beam is about ∼ 96%. The polarized neutron diffraction 

intensities were measured in the X non-spin-flip (Xnsf), X spin-flip (Xsf), Z non-spin-flip (Znsf) and 

Z spin-flip (Zsf) scattering channels, respectively. The X polarization is defined as along the Q i.e. the 

momentum transfer direction in the horizontal scattering plane, and the Z polarization is perpendicular 

to the scattering plane. The standard procedure for the flipping ratio correction was employed for the 

data treatment. Complementary non-polarized neutron powder diffraction (NPD) experiment was also 

performed on a grounded PrPd0.82Bi2 powder sample at DNS. The powders were placed in a thin-

walled aluminum sample can. The data was collected at T = 12 K and 4 K, which were above and 

below the AFM phase transition temperature, respectively. Both powder and single-crystal magnetic 

structure refinements were performed with the FullProf software package. 

III. RESULTS AND DISCUSSION 

A. Crystalline structure 

Single-crystal XRD refinements indicate that PrPd0.82Bi2 crystallizes in a ZrCuSi2-type tetragonal 

structure with space group P/4nmm. The refined lattice parameters are a = b = 4.626(2) Å, and c = 

9.610(5) Å. More detailed information about the refinement and the structural parameters is 

summarized in Table I and Table II. Results from single-crystal refinement show that the Pd atom 

positions are not fully occupied but with a vacancy rate of x ∼ 0.18, which is common in the 112-type 

materials. The normalized XRD intensity of the (0 0 L) reflections is shown in Fig. 1(a). The high 

quality of the single crystals can be inferred from the observed sharp peaks. The inset (i) in Fig. 1(a) 

shows the schematic crystal structure with a stacking of -Bi/Pr/BiPd/Pr- layers along the c-axis. In this 

layered structure, the BiPd-layer is in analogy to the FeAs-layer in the iron-based superconductors. 



 

 

The Bi atoms form a square net lattice where the two-dimensional Dirac fermions were usually 

expected to be located [7,29]. A picture shown in the inset (ii) in Fig. 1(a) shows the layered nature 

and typical size of PrPd0.82Bi2 single crystals. 

 
Figure. 1. (color online) (a) Diffraction pattern of a series of (0 0 L) reflections of a freshly cleaved 
PrPd0:82Bi2 single crystal. Inset shows (i) the schematic structure and (ii) a picture of typical single 
crystals. (b) Refined powder XRD pattern of a PrPd0:82Bi2 powder sample that is grounded from a 
small crystal. 
 

Figure 1(b) shows the refined XRD pattern of the powder sample that is grounded from a small 

crystal via the Rietveld method. The preferred orientation is included in the refinement. The observed 

data can be well refined, yielding Rp = 5.23%, Rwp = 6.65%, and χ2 = 1.21. The obtained structural 

parameters are consistent to that obtained with the single-crystal XRD refinement. Meanwhile, no 

impurity phases were observed. Therefore, this structure was also adopted to refine the non-polarized 



 

 

NPD data that will be discussed later. 

 

Table 1 Crystallographic and structure refinement data for PrPd0.82Bi2. 

empirical formula PrPd0.82Bi2 
formula weight (g mol-1) 523.036 
temperature 273(2) K 
wavelength Mo Kα (0.71073 Å) 
crystal system tetragonal 
space group P4/nmm(129) 
unit cell dimensions (Å) a = b = 4.626(2) 

c = 9.610(5) 
cell volume (Å3) 205.6(2) 
Z 2 
density, calculated (g cm-3) 10.43 
h k l range -5 ≤ h ≤ 6 

-4 ≤ k ≤ 6 
-12 ≤ l ≤12 

2θmin (°) 8.482 
2θmax (°) 56.826 
linear absorption coeff. (mm-1) 100.232 
absorption correction multi-scan 
no. of reflections 1152 
Tmin/Tmax 0.003/0.03 
no. independent reflections 182 
no. observed reflections 173 [I > 2σ(I)] 
F(000) 525 
R indexes 6.79 % (R1[Fo > 4σ(Fo)]), 17.9 % (wR2) 
weighting scheme w = 1/[σ2(Fo

2) + (0.0897P)2 + 28.6161P],  
where P = [Max(Fo

2) + 2Fc
2]/3 

refinement software SHELXL-2016/6 

 

The chemical composition of some selected crystals was determined by EDX to be Pr : Pd : Bi = 

25.96 : 23.29 : 50.74. The Pd vacancy obtained by EDX (∼ 0.92) was slightly larger than the value (∼ 

0.82) that was refined by single-crystal XRD. Similar vacancies were also reported in the isostructural 

materials LaPd1−xBi2 and CePd1−xBi2 [16,17]. 

 

Table 2 Atomic coordinates and equivalent isotropic thermal parameters of PrPd0.82Bi2. 



 

 

Atoms WP a x y z Ueq OPb. 
Bi01 2c 3/4 3/4 0.6606(3) 0.0287(9) 1 
Bi02 2a 1/4 -1/4 0 0.0262(8) 1 

Pr 2c 3/4 -1/4 0.2699(4) 0.0252(10) 1 
Pd 2b 3/4 1/4 0 0.0280(16) 0.82 

a Wyckoff positions; b Occupation. 

B. Magnetic properties 

Magnetic properties were measured on a typical single crystal of PrPd0.82Bi2. Data collected in 

both ZFC and FC configurations are almost identical with each other. Fig. 2(a) shows the temperature 

and field-direction dependence of χ at various fixed applied fields. A paramagnetic to AFM phase 

transition with TN ∼ 7K is observed when cooling down the sample. As increasing the strength of the 

applied field, the AFM peak shifts to the lower temperature in both the applied field being parallel and 

perpendicular to the c-axis. A plateau appears at around T = 4 K indicating that the magnetic moments 

in PrPd0.82Bi2 are suppressed and shall be saturated if a higher field is applied [12]. The value of 

magnetic susceptibility around TN for H ∥ c (∼ 0.15 emu mol-1) is almost twice larger than that for H 

⊥ c (∼ 0.08 emu mol-1). This anisotropic magnetic behavior suggests that the magnetic easy axis is 

aligned along the c-axis, which is confirmed by neutron scattering experiments that will be discussed 

latter. Under low magnetic field, PrPd0.82Bi2 shows a weak diamagnetic jump at T ∼ 2.5 K, as shown 

in Fig. S1 in the supplementary information, which may be caused by the superconducting behavior 

that was also inferred in the resistivity measurement. 

The inverse magnetic susceptibility χ-1 versus T was plotted at a fixed applied field H = 10 kOe, 

as shown in Fig 2(b). The Curie-Weiss law, with a formula of χ = C / (T – Tθ), where C is the Curie 

constant and Tθ is the Weiss temperature, was used to fit data above 120 K. The effective magnetic 

moment is roughly determined by μeff = 8C , yielding μeff = 3.86 μB for H ∥ c and μeff = 3.92 μB for 



 

 

 

Figure 2. (color online) (a) Temperature and magnetic fields dependent of PrPd0.82Bi2 single crystal, 
which is measured with the applied field being parallel and perpendicular to the c-axis. (b) Temperature 
dependent in a fixed field of 10 kOe. Green dash line represents the Curie-Weiss fitting. The inset 
shows isothermal magnetization measured with the applied field parallel and perpendicular to the c-
axis at various temperatures. 

 

H ⊥ c, respectively. The estimated magnetic moments are in good accordance with the theoretical value 

of 3.58 μB for the free Pr3+ ions. Isothermal magnetization is shown in the inset of Fig. 2(b), which is 

measured for H ∥ c and H ⊥ c at 2 K and 300 K, respectively. A spin-flop phase transition is observed 

at T = 2 K with an onset field H ∼ 30 kOe. This anisotropic magnetization is often seen in the layered 

materials such as tetragonal EuMnPn2 and hexagonal EuCr2Pn2 (Pn = pnictogen) [12,30] and the 

related compounds. In these systems, the magnetic moments of rare earth elements are found 

commonly aligned along the c-axis, usually accompanied with a spin-flop transition at low 



 

 

temperatures in applied fields. 

C. Heat capacity  

 
Figure 3. (color online) (a) Temperature dependent specific heat capacity without magnetic field. Black 
circles are observed Cp and red continuous line is the fit of electron and lattice contributions by Debye 
and Einstein models. The inset: Cp / T vs T2 plots without magnetic field below T2 = 200 K2 with a 
linear fit. (b) Cp / T vs T curves at various fixed applied fields from 0 kOe to 90 kOe. (c) Magnetic 
specific heat capacity Cmag / T (blue circles) and entropy Smag (solid red line) as functions of 
temperature. 

 



 

 

The Cp versus T without applied field is plotted, as shown in Fig. 3(a). The sharp anomaly at low 

temperature indicates an AFM phase transition that is also visible in magnetic susceptibility. For a 

more quantitative analysis, the Debye-Einstein model was utilized to estimate the electronic and 

phononic contributions by the following formula [13]: 
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where 0γ  is the heat coefficient of the background conduction electrons, θD and θE are respectively 

the Debye and Einstein temperature, α is the contribution ratio of these two components. The data 

above T = 16 K was fitted and yielded that 0γ  = 5.8 mJ mol-1 K-2, θD = 201.95 K and θE = 66.18 K. 

By using these refined parameters, the fitting was extended to 2 K, and the fitting result is taken as the 

estimated non-magnetic contributions for further analysis. The inset of Fig. 3(a) shows the Cp/T vs T2 

curve at low temperature, which can be well described by the following formula: 

2/pC T Tγ β= + . 

This gives out the value of the Sommerfeld coefficient γ = 329.23 mJ mol-1 K-2, which is almost 

two orders of magnitude larger than that of the background conduction electrons with 0γ = 5.8 mJ mol-

1 K-2. This clearly shows that the effective mass of charge carriers is somehow enhanced. To clearly 

verify the magnetic field dependence of the AFM order, the Cp/T vs T plot was measured and plotted 

at various magnetic fields, as shown in Fig. 3(b). During the measurements, the magnetic field was 

applied to be parallel to the c-axis. The AFM peak shifts to lower temperature, and is eventually 

suppressed with increasing magnetic field. This is consistent with the common behavior of an AFM 

order. 

Figure 3(c) displays the magnetic heat capacity (Cmag/T) and magnetic entropy (Smag) as a function 

of temperature. The Smag is estimated by integrating Cmag / T vs T curve below T = 20 K after subtracting 

the non-magnetic background that is estimated by the Debye-Einstein model, indicating that the 

remaining entropy contributions are almost entirely from the magnetic phase transition. The ∆Smag is 

roughly estimated to be 6.51 J mol-1 K-1, which is smaller than Rln3 but slightly larger than Rln2, 

implying that the ground state of the Pr f-electrons may be greatly influenced by the crystalline 



 

 

electronic field (CEF) effect, such as the case in CePd1−xBi2 [17]. The detailed influence of the CEF 

effect is out of the scope of the present work, and is subject to further studies, which may provide a 

fuller understanding of the magnetic ground state of this compound. In the Ce-based heavy fermion 

materials, where the localized f moments of Ce3+ are usually partially screened due to the Kondo 

coupling, their low-temperature magnetic ground state thus depends on the competition between the 

Kondo effect and the RKKY interaction [31,32]. In contrast, while the AFM order is driven by the 

dominating RKKY interaction, no obvious evidence for the Kondo effect can be observed in 

PrPd0.82Bi2. 

 

D. Resistivity  

Resistivity (ρ) vs T curves of PrPd0.82Bi2 are plotted, as shown in Fig. 4. The ρ is almost linear at 

high temperature above 100 K, which is similar to the behavior of the isostructural LnNi1-xSb2 (Ln = 

Tb - Ho) [33] and CePd1−xBi2 [17], where the Ni or Pd vacancy defects are considered to contribute to 

the strong scattering. Then ρ is going down gradually with continually cooling down the temperature 

and then followed by a broad hump at about 60 K, which is possibly consistent with the CEF effect as 

mentioned in CeNiX2 (X = Si, Ge, Sn) and CeNiBi2 [23,34]. However, no evidence for the Kondo 

effect, as suggested for CePd1−xBi2 [17], is found in this compound according to the resistivity 

measurement. As keeping cooling down the temperature, a weak bending feature is observed at 7 K as 

shown in the upper inset of Fig. 4, associated with the AFM order of the Pr moments, which is in 

accordance with the behavior in magnetic properties. Moreover, a superconducting-like behavior 

appears with an onset temperature of 4 K and a zero-resistivity temperature of 2.7 K without magnetic 

fields, which is probably caused by some minority phases  As increasing magnetic field, the zero-

resistivity behavior is suspected, which is similar to what happens in LaPd0.85Bi2 superconductor[16]. 

Specifically, the previous report on the polycrystalline CeNi1−xBi2 argued that the 6p light 

electrons of the Bi square-net were responsible for superconductivity [28], which is quite different 

from the results obtained on the related single crystals. In LnNi1−xBi2 (Ln = lanthanide) single crystals, 

no such bulk superconductivity was detected except in LaNi1−xBi2, while only Kondo effect and AFM 



 

 

order were observed at low temperature in the rest compounds [23]. However, what happens in 

PrPd0.82Bi2 single crystals is more similar to CeNi1-xBi2 single crystals. No obvious superconducting 

transition is observed in Cp vs T and χ vs T curves because of the presence of the AFM order, but a 

small jump is detected at ~ 2.5 K at low magnetic field (See the supplementary information, Fig. S1). 

Thus, we conclude that some minority phases are indeed responsible to the observed zero-resistivity 

behavior. . 

 

 
Figure 4. (color online) Resistivity versus temperature plot for PrPd0:82Bi2 without magnetic field. The 
lower and upper insets are the detailed plots in the regions near T = 3 K and T = 7 K, respectively, 
which is consistent with the onset of zero-resistivity and AFM order, respectively. 

E. Neutron scattering  

Figure 5(a-d) shows the polarized neutron diffraction results on single-crystal PrPd0.82Bi2 in the 

(H 0 L) reciprocal plane for the Xnsf, Xsf, Znsf, and Zsf scattering channels. All of these measurements 

are performed at 4 K, below the AFM phase transition. According to the separation  



 

 

 
Figure 5. (color online) Contour maps of the polarized neutron diffraction intensities measured on a 
PrPd0:82Bi2 single crystal in reciprocal space. (a)-(d) Xnsf, Znsf, Xsf, and Zsf scattering in the (H 0 L) 
plane, respectively. (e) and (f) 1D-cuts through the (1 0 0) peak measured in the non-spin-flip (red dot) 
and spin-flip (green dot) scattering channels, respectively. Noted that the measured intensity is too 
strong to show out the error bar. (g) Temperature dependence of the Xsf scattering intensity of the [1 
0 0] peak. 

 

rule of polarized neutron diffraction on singe crystals, the magnetic scattering contribution appears 

only in the Xsf channel, and the non-magnetic nuclear coherent scattering contribution only in the 

Xnsf [35–37]. This provides a simple way to separate magnetic reflections from structural Bragg peaks. 



 

 

As shown in Fig. 5(a) and 5(c), strong magnetic reflections seen in Xsf such as (-1 0 -2) coexist with 

the nuclear Bragg reflections seen in Xnsf. It can thus be concluded that the propagation wavevector 

of the low-temperature AFM order is k = (0 0 0). Furthermore, the absence of any magnetic reflections 

at (0 0 L) as well as the absence of the magnetic reflections at Znsf such as at (-1 0 0), would indicate 

that the magnetic moment of the Pr3+ ions should be aligned strictly along the crystallographic c-axis. 

This is further illustrated in one-dimensional cuts around the (-1 0 0) reflection for all four measured 

polarized scattering channels, as shown in Fig. 5(e-f). 

 

 

Figure 6. (color online) Powder neutron diffraction patterns measured with the non-polarized setup at 
DNS, the neutron wavelength is 4.2 Å. (Upper panel) Data taken at T = 4 K and 12 K, respectively. 
(Lower panel) The intensity difference pattern between 4 K and 12 K as well as the Rietveld refinement 
of the magnetic intensities by using the Fullprof software. 

 

Based on the known space group of the crystalline structure i.e. P/4nmm and the derived magnetic 

propagation wavevector k = (0 0 0) [38,39], four possible magnetic configurations of the Pr3+ moments 

in the unit cell can be obtained via irreducible representation analysis (see Fig. S2 in the supplementary 

information). Since the number of the observed magnetic reflections with polarized neutron diffraction 

is rather limited, nevertheless, our refinements using the obtained single-crystal structure factors 



 

 

clearly indicate that the only possible magnetic structure for PrPd0.82Bi2 is that the c-axis oriented Pr 

moments form an A-type AFM order, where they are ferromagnetically coupled in the ab-plane, but 

antiferromagnetically coupled between the neighboring planes, as shown in Fig. 7. The single-crystal 

refinement yields an ordered magnetic moment at μeff ≈ 2.38 μB, which is smaller than the effective 

moment obtained from the Curie-Weiss fitting of the magnetic susceptibility. 

 

 

Figure 7. (color online) Schematic view of the combined crystalline and magnetic structure of 
PrPd0:82Bi2. 

 

The temperature dependence of the Xsf scattering intensity of the magnetic peak [1 0 0], as shown 

in Fig. 5(g), clearly indicates a second-order magnetic phase transition at TN ∼ 7 K. The data can be 

fitted by using a spontaneous magnetization model with the following formula: 

2
0 (1 )

N

TI I
T

β= −   (T < TN), 

where I is the measured scattering intensity, TN is the phase transition temperature and β is the critical 

exponent [40,41]. The value of β is usually used to determine the type of magnetic models of the 

spontaneous magnetization. For the two-dimensional (2D) Ising model, β = 0.125; for three-

dimensional (3D) Ising model, β = 0.326; for 3D Heisenberg model, β = 0.367. The data below TN was 



 

 

well fitted by this formula, yielding TN = 7.04 K and β = 0.24, which indicates that PrPd0.82Bi2 can be 

classified as a quasi-2D Ising system. 

In order to determine the ordered magnetic moment precisely, additional non-polarized NPD 

experiment was performed on a PrPd0.82Bi2 powder sample that is grounded from a small single crystal. 

As plotted in the upper panel of Fig. 6, the diffraction intensities measured at T = 12 K (named as 

IT=12K) are pure nuclear coherent scattering signals due to the crystalline structure, while the data 

collected at T = 4 K (named as IT=4K) are the combined nuclear coherent and magnetic scattering 

contributions. Besides, no structural phase transition was observed in PrPd0.82Bi2 as well as in the other 

112-type family of materials. The magnetic contribution can be obtained by subtracting the nuclear 

scattering contributions measured at T = 12 K from the data IT=4K [42]. As shown in the lower panel of 

Fig. 6, a number of magnetic peaks are clearly observed after subtraction. The Rietveld refinement of 

the magnetic structure was undertaken by using the FullProf software, revealing a good agreement 

between the observed and calculated intensities with R factors being Rp = 5.61%, Rw = 7.74%, χ2 = 

2.82. Meanwhile, the refined ordered magnetic moment of the Pr ions is 1.694(3) μB, which is much 

smaller than 3.58 μB for a free Pr3+ ion. One of the possible reasons for the reduced ordered magnetic 

moments may be due to the unsaturated moment at 4 K, where the lowest temperature was reached in 

our neutron diffraction experiments. Moreover, the CEF effect and possible Kondo effect, usually 

presented in the 112-type materials [17, 28, 34], may also account for the reduction of the magnetic 

moment in PrPd0.82Bi2. 

IV. CONCLUSION  

In conclusion, PrPd0.82Bi2 single crystals were successfully grown and its physical properties, 

including heat capacity, magnetic properties and resistivity, as well as its low-temperature magnetic 

structure were studied by complementary in-house characterization and neutron powder and single-

crystal diffraction. We found that PrPd0.82Bi2 shows an AFM phase transition with TN ∼ 7 K. 

Meanwhile, a spin-flop transition occurs as increasing the applied magnetic field at 2 K. A large 

Sommerfeld coefficient, reaching to 329.23 mJ mol-1K-2, suggesting a heavy-fermion like behavior 

that may be due to the interaction between the localized 4f electrons of Pr3+ ions and itinerant charge 



 

 

carriers. Furthermore, the resistivity reaches to zero at ∼ 2.7 but no obvious diamagnetic behavior is 

detected, implying that it may be not a bulk superconductor but caused by minority phases. Neutron 

scattering experiments performed on both single crystals and grinding powders reveal an A-type AFM 

order of Pr3+ ions below TN. The magnetic moments of Pr3+ ions are strictly aligned along the 

crystallographic c-axis, behaving like a quasi-2D Ising spin system. The ordered magnetic moment 

refined from neutron powder diffraction data is estimated to be 1.694(3) μB, which is smaller than that 

of a free Pr3+ ion. .Further studies may be needed to clarify the origin of superconductivity, such as the 

influence of the CEF effect on the magnetic ground state of Pr3+ ions and possible heavy Fermion 

behavior in this layered antiferromagnet PrPd0.82Bi2. 
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