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Magnetic and thermodynamic studies on the distorted kagome magnet Pr3BWO9
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We report specific heat, ac/dc magnetic susceptibility as well as static and pulsed field magnetization studies
on the distorted kagome magnet Pr3BWO9 down to 0.4 K and up to high magnetic fields. The low-temperature
thermodynamic properties are found to be governed by an electronic quasidoublet ground state, the energy
splitting of which amounts to �1 � 18 K and exhibits a quadratic field dependence with geff = 2.6. Fitting of the
specific heat data implies that the next excited state is strongly gapped at �2 = 430 K and threefold degenerate
in zero field. Our dc and ac susceptibility studies down to 0.4 K do not detect signatures of distinct spin glass
behavior. Pulsed field magnetization measurements up to 60 T confirm the Ising-like paramagnetic nature of the
magnetic ground state, which is characterized by mJ = ±4 and the anisotropy energy Ea � 950 K.
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I. INTRODUCTION

Frustrated quantum magnets, in which a delicate inter-
play among emergent degrees of freedom is active, serve
as excellent candidate materials for hosting a wide array of
exotic many-body phenomena that transcend conventional
paradigms [1–8]. In lanthanide-based materials with strong
geometric frustration, a rich variety of exotic magnetic ground
states can be studied by varying between the Heisenberg and
Ising limits, and between the quasiclassical and quantum lim-
its, through appropriate choice of the rare earth ions. Due to
strong intrinsic spin-orbit coupling in the 4 f shell and of-
ten dominant dipolar magnetic interactions, rare earth-hosting
systems avoid perturbations found in 3d transition-metal-
based candidate materials and, hence, hold promise to realize
novel spin liquid states. The localized nature of the 4 f elec-
trons typically leads to weak magnetic interaction energies,
such that spin dynamics associated with geometrical frustra-
tion often emerge at low temperatures far below the first ex-
cited crystal field level, while rather moderate, i.e., accessible,
magnetic fields are sufficient to cover the full energy range.
Prominent examples of such material families are pyrochlores
R2Ti2O7 [9–13], filled hexagonal lattice indates RInO3

[14,15], langasites R3Ga5SiO14 [16–18], triangular NdTa7O19

[19], or the tripod kagome magnets R3Mg2Sb3O14 [20–23].
Boratotungstates R3BWO9 have recently entered the stage

as a new family of frustrated quantum magnets [24–30].
Among them, Pr3BWO9 in particular exhibits no long-range
magnetic order down to at least 90 mK [26,29]. The material
crystallizes in a hexagonal coordinated structure with space
group P63 where the paramagnetic Pr3+ ions form a distorted
kagome lattice within the ab planes which are stacked in an
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AB-type fashion along the c axis [24,26,28] (see Fig. 1). The
distorted kagome lattice features triangles of two different
Pr-Pr bond lengths with 4.312 Å and 4.886 Å, respectively,
arranged in an alternating pattern. Two recent studies have
investigated the magnetic ground state as well as low-energy
magnetic excitations. A recent NMR study [26] shows a per-
sistent cooperative paramagnetic state at lowest temperatures
and suggests a spin gap opening at the antiferromagnetic wave
vector, the size of which is linearly increasing in external mag-
netic fields. These results are contrasted by inelastic neutron
scattering, heat capacity, ultrasound, and muon spin relaxation
measurements, which suggest a quantum disordered ground
state [29]. The observed data are explained in terms of dis-
persive crystal field excitations partially broadened by weak
structural disorder and hence suggest that Pr3BWO9 is not
a perfect kagome magnet but realizes a complex exchange
topology of twisted triangular spin tubes, moderately coupled
by the frustrated planar interactions.

Here, we report detailed specific heat as well as dc and
ac magnetic studies on Pr3BWO9 up to high magnetic fields.
No evidence of long-range order nor of glassy behavior is
observed in our dc and ac magnetization studies down to
400 mK. The magnetic ground state is further investigated
by magnetization studies up to 60 T confirming its Ising-like
paramagnetic nature. In addition to the anisotropy energy
Ea � 82 meV, we determine the energy levels of the five low-
est lying states of Pr3+ and investigate the field dependence of
the smallest excitation gap.

II. EXPERIMENTAL METHODS

A polycrystalline sample of Pr3BWO9 was prepared using
a solid-state reaction method. The starting materials Pr6O11

(Alfa Aesar, 99.999%), W3BO3 (Alfa Aesar, 98%), and WO3

(Alfa Aesar, 99.998%) were taken in a stoichiometric ratio
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FIG. 1. Schematics of the Pr3+ sites (blue spheres) in Pr3BWO9.
(a) In-plane (ab plane) arrangement and (b) stacking along the c
axis. Lines indicate short in-plane (red) and interplanar (green) Pr-Pr
distances.

[29,31]. The reagent W3BO3 is highly volatile; therefore, we
added 5% excess to maintain proper stoichiometry in the
sample. Pr6O11 was preheated at 900 ◦C for 12 h to remove
moisture and carbonates prior to use. All the reagents were
thoroughly mixed to ensure better homogeneity. An alumina
crucible was used to anneal the pellets in the temperature
range of 700–900 ◦C, with several intermediate grindings.
X-ray diffraction (XRD) was recorded on the polycrystalline
sample of Pr3BWO9 at room temperature using a bench-
top PANalytical diffractometer with Cu Kα radiation (λ =
1.541 Å). The XRD data were recorded from 10◦ to 70◦ with
a step size of 0.01 for 1 h. The Rietveld refinement of the
XRD pattern at room temperature aims to confirm the phase
purity and crystallographic parameters employing FULLPROF

software [32]. The site occupancies were kept fixed during
the refinement as this is a known structure and there is no
site disorder observed in this family of kagome compounds.
The Rietveld refinement reveals that the samples used in this
study are of high quality and the refinement parameters are
consistent with those reported earlier. Figure 2 depicts the
corresponding refinement pattern at room temperature and the
associated refinement parameters are documented in Table I.

Magnetic measurements were performed on pressed pel-
lets of m = 6.6(2) mg in a MPMS3 magnetometer (Quantum
Design) in the temperature regime of 1.8 to 350 K. For

TABLE I. Crystallographic parameters determined from the Ri-
etveld refinement of XRD data of Pr3BWO9 recorded at room
temperature (see Fig. 2). [Space group P63, lattice parameters a =
b = 8.7299(1) Å and c = 5.5230(1) Å, occupation factor was fixed
to one for all sites, χ 2 = 7.7, Rwp = 5.84%, Rp = 4%, and Rexp =
2.1%.]

Wyckoff
Atom pos. x y z Biso

Pr 6c 0.0838(1) 0.7246(1) 0.3615(9) 0.269(4)
B 2a 0.0000 0.0000 0.0000 0.491(9)
W 2b 0.3333 0.6666 0.8884(9) 0.293(6)
O1 6c 0.053(2) 0.885(2) 1.010(3) 0.652(7)
O2 6c 0.105(2) 0.485(1) 0.153(2) 0.486(5)
O3 6c 0.191(2) 0.435(2) 0.672(2) 0.978(8)

FIG. 2. Rietveld refinement of XRD data of Pr3BWO9 taken at
room temperature. The orange circles, blue solid lines, olive vertical
bars, and gray solid lines are the observed data, calculated data,
Bragg peaks, and difference of observed and calculated data of
Pr3BWO9, respectively.

measurements down to 400 mK, the MPMS3 was equipped
with the iQuantum 3He setup. The static magnetic suscepti-
bility χ = M/B has been obtained by varying the temperature
using field cooled (FC) and zero field cooled (ZFC) protocols
where the sample was cooled in either the external measure-
ment field or the field was applied after cooling to the lowest
temperature, respectively. Isothermal magnetization M(B) has
been measured in fields up to B = 7 T. ac magnetization
measurements were conducted in the temperature range from
1.8 to 60 K, with 5–7 Oe ac excitation fields, up to 5 T dc
magnetic fields, and at frequencies ranging from 10 to 800 Hz.
These measurements were conducted using the ac option of
the MPMS3 on a sample with a mass of m = 2.3(1) mg.

Pulsed-field magnetization was measured up to 60 T at
Helmholtz Zentrum Dresden-Rossendorf (HLD) by an induc-
tion method using a coaxial compensated pick-up coil system
[33]. The pulse raising time was 7 ms. Each measurement
of the sample was followed by recording the background
without a sample under identical conditions, to compensate
for background contributions. The pulsed-field magnetization
data were calibrated using static magnetic field magnetization
data obtained by means of the MPMS3. The field dependence
of magnetization obtained by the two methods is in good
agreement, which confirms the accuracy of our experiments.

To measure the specific heat capacity of the samples, a re-
laxation method was employed using the heat capacity option
of the Physical Property Measurement System (PPMS-14) by
Quantum Design. The measurements were carried out in the
temperature regime from 1.8 to 200 K on a sample with a mass
of 6.6(2) mg under applied magnetic fields up to 14 T.

III. RESULTS AND DISCUSSION

A. Dc, ac, and pulsed field magnetization

The static magnetic susceptibility of Pr3BWO9 at B = 1 T,
shown in Fig. 3, decreases upon heating and does not exhibit
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FIG. 3. Temperature dependence of the static magnetic suscep-
tibility χ = M/B and its inverse χ−1 (with reduced number of data
points for visibility) measured at B = 1 T. The dashed (solid) red
line represents high (low) temperature Curie-Weiss fits to the data
(see the text). The blue line depicts the simulation of a noninteracting
single ion model for Pr3+ using the crystal field parameters obtained
in Ref. [29]. The inset shows the enlargement of the low-temperature
regime.

any pronounced anomalies in the whole temperature regime
0.4 K � T � 350 K under study. In particular, the data do
not show any signature of long-range magnetic order down
to 400 mK, which is in agreement with recent specific heat,
inelastic neutron, and μSR data [26,29]. In the literature,
absence of long-range magnetic order down to at least 90 mK
[26] is reported. The low-temperature χ (T ) indicates satu-
ration below �5 K superimposed by a small upturn starting
from ∼0.7 K. Based on the observation of a weak FC/ZFC
bifurcation which amounts to less than 0.2% of the magneti-
zation signal in the same temperature regime [Fig. 4(a)], the

FIG. 4. (a) Temperature dependence of the static susceptibility,
at T < 1.5 K, and (b) field dependence of the magnetization and of
the differential magnetic susceptibility ∂M/∂B, at low temperature.
Black open (orange filled) data points refer to static (pulsed) field
measurements.

latter is likely not associated with quasifree moments from
putative defects but might rather be related to a spin freez-
ing phenomenon typically observed in spin glass materials
[13,34–36]. This scenario is in qualitative agreement with the
observation of a peak at B = 0.7 T and M/Msat ∼ 1/5 in the
pulsed field ∂M/∂B data at T � 0.5 K, which is absent in the
static field measurements [Fig. 4(b)]. Our results, thus, indi-
cate that a tiny fraction of Pr3+ moments start to freeze below
∼0.7 K, while the bulk of the spins maintains a dynamic state.

At high temperatures, χ (T ) exhibits a Curie-Weiss-like be-
havior. Fitting the data between 150 K � T � 350 K by means
of the Curie-Weiss model yields an effective magnetic mo-
ment of peff = 3.33(3)μB and the Weiss temperature �high =
−31(2) K in agreement with previous reports [24]. While the
negative sign of �high indicates dominant antiferromagnetic
interactions, peff is smaller than the theoretical free ion value
of 3.58μB for Pr3+. As will be shown when discussing specific
heat data, we attribute this deviation from the free ion value to
the presence of crystal field levels of Pr3+ which are not (fully)
thermally populated at the highest measurement temperature
of 350 K. We in particular note that employing the nonin-
teracting single-ion crystal-field model from Ref. [29] yields
a good description of our magnetic susceptibility data (cf.
Fig. 3) which implies very weak or nearly vanishing magnetic
interaction. Note that an estimate of bare magnetic dipolar
interaction energy yields Edip < 0.2 K. We conclude that the
data only seemingly resemble a Curie-Weiss-like behavior
at intermediate temperatures but actually are dominated by
the thermal population of excited crystal field levels. Upon
cooling, a second quasilinear regime is observed in χ−1 be-
low ∼40 K (see Fig. 3). Fitting the data in the temperature
regime 10 K � T � 25 K results in peff = 2.95(1) μB and
�low = −6.8(2) K, which are consistent with those reported
in Refs. [24,26,29]. This behavior reflects the subsequent de-
population of Pr3+ crystal field levels so that neither �high nor
�low can be taken as a reliable measure of the strength of
magnetic interaction and, in contrast to previous reports, we
suggest that it should not be used to estimate the frustration
parameter.

The ac magnetic susceptibility of Pr3BWO9 shows neither
a dissipative signal in the imaginary part χ ′′ (data not shown)
nor any frequency dependence in the real part within the stud-
ied temperature and frequency range, i.e., at T � 1.8 K and
10 Hz � f � 600 Hz. Consistent with the static susceptibility
shown in Fig. 3, the real part of ac susceptibility χ ′ increases
monotonically upon cooling. The frequency independence
implies that at T � 1.8 K, which is well above the temper-
ature regime where the tiny bifurcation is observed in χdc(T )
[cf. Fig. 4(a)], Pr3BWO9 either displays no glassy behavior
or the characteristic spin-fluctuation rate in Pr3BWO9 is be-
yond the kilohertz frequency regime. The latter scenario is
suggested by NMR studies (MHz frequencies) revealing the
existence of short-ranged collective spin excitations [26]. The
application of external dc magnetic fields barely affects the
behavior of χ ′(T ) as seen in Fig. 5 and, in particular, does not
induce clear anomalies. Note that this is in stark contrast to
the findings in Nd3BWO9 [30], thereby demonstrating strong
differences in the spin relaxation rates of the two systems.
One may speculate that spin relaxation rates in Pr3BWO9 are
much higher than those in Nd3BWO9 where already moderate
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FIG. 5. Temperature dependence of the real part of the ac mag-
netic susceptibility χ ′ measured at f = 100 Hz and Bac = 0.5 mT,
at different static magnetic fields. Changing the frequencies in the
range of 10 Hz � f � 800 Hz yields no changes of the signal (data
not shown).

magnetic fields of a few tesla induce slow spin relaxation at
tens of kelvin while spin freezing appears at 0.6 K.

The magnetization at low temperature increases quasilin-
early up to �2 T and shows right bending at higher magnetic
field without any clear additional features (Figs. 4 and 6). At
the maximum applied magnetic field of 58 T and T = 3 K,
M amounts to 1.60(2)μB/Pr3+. Extrapolating the linear-in-
field regime which is observed at B > 30 T to zero magnetic
field yields 1.2μB/Pr3+. In a pure paramagnet, this value
reflects the saturation magnetization of the powder averaged
ground state singlet. Considering an almost uniaxial crystal
field and gJ = 4/5 of the free ion, and powder averaging, this
suggests an Ising ground state with |mJ | = 4. Our data also
allow us to roughly estimate the anisotropy field by linearly
extrapolating the pulsed field magnetization up to the full

FIG. 6. Magnetic field dependence of the static and the pulsed
field magnetization of Pr3BWO9 measured at different temperatures
in up-sweeps of magnetic fields up to 7 T and 58 T, respectively.
The asterisk marks an experimental artifact. Inset: M(T = 3 K, B)
extrapolated up to the saturation value Msat = 3.2μB/Pr3+.

FIG. 7. Temperature dependence of (a) the specific heat of
Pr3BWO9 and La3BWO9 measured at B = 0 T; the latter data are
taken from Ref. [28]. Inset: enlargement of the low-temperature
regime. (b) Nonphononic specific heat cel

p of Pr3BWO9 as obtained
by the subtraction of cp La3BWO9 from the one of Pr3BWO9, and
calculated magnetic entropy Smag = ∫

[cel
p (T )/T ]dT . The line is a fit

according to an extended three-level Schottky model [see Eq. (3)]
with �1 = 18.2 K, �2 = 430 K, and level degeneracies g0 = 1,
g1 = 1, and g2 = 3 (see the text).

saturation magnetization of 3.2μB/Pr3+ associated with the
complete alignment of Pr3+ moments of the powder sam-
ple along the magnetic field direction: following the dashed
line in Fig. 6 suggests a saturation field of Bsat � 300(25) T
(inset of Fig. 6).1 We hence conclude the anisotropy energy
Ea/kB = gJμBmJB � 950 K (Ea � 82 meV). In summary,
our pulsed field magnetization data suggest a strong uniaxial
crystal field and an Ising ground state in Pr3BWO9 character-
ized by a (mainly) mJ = −4 ground state singlet, in agreement
to Ref. [29]. This finding implies the dominance of anisotropy
energy over magnetic exchange interactions which is consis-
tent with the observed absence of a 1/3 magnetization plateau
(in the pulsed field data) or a 1/9 plateau (which would also
show up in the MPMS3-static field data), which are typically
observed in Heisenberg-like kagome antiferromagnets (see,
e.g., Refs. [37–41]).

B. Heat capacity

The electronic contribution to the specific heat capac-
ity of Pr3BWO9 is estimated by subtracting the phononic

1Deviations from linear field dependence cannot be excluded so
that we do not provide error bars of our following estimate of
anisotropy energy.
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contribution of the isostructural nonmagnetic La3BWO9 as
reported for T < 200 K in Ref. [28]. In order to account for
the different molar masses, the scaling factor of 0.97 (see
Ref. [42]) has been applied. The resulting cel

p is presented in
Fig. 7(b) and features a peak centered at around 5.7 K, which
is well separated from an additional, much broader hump at
higher temperatures. The electronic specific heat is attributed
to electronic or, specifically, magnetic degrees of freedom.
The entropy changes in the temperature regime 1.8–40 K,
i.e., �Smag = ∫ 40 K

1.8 K[cel
p (T )/T ]dT associated with the low-

temperature peak amount to 4.9 J/(molPr K). Adding the en-
tropy changes of 0.11 J/(molPr K) from the heat capacity data
at 0.09 K � T � 1.8 K reported in Ref. [26], Smag amounts to
only 30% of the full expected magnetic entropy of R ln(8) =
18.3 J/(molPr K) for J = 4, but it represents 86% of the
expected value [R ln 2 = 5.76 J/(molPr K)] of a two-level sys-
tem with Jeff = 1/2, where R is the universal gas constant. We
note that in the isomorphic Nd3BWO9 the magnetic entropy
changes are, too, well described by a two-level system [28,30]
but in the Nd-based sister compound the magnetic entropy is
released below T = 3 K, i.e., at one-tenth of the saturation
temperature of the lowest energy gap found in Pr3BWO9.

The broad anomaly in the electronic specific heat centered
around 8 K shown in Fig. 7 resembles a Schottky-like behav-
ior and can be attributed to electronic excitations within the
split J = 4 ground state manifold of the Pr3+ ions [26,29].
The Schottky nature is clearly corroborated by the observed
magnetic field dependence which shows a gradual shift of the
peak position to higher temperatures, peak broadening, and
peak height suppression upon application of external magnetic
fields [cf. Fig. 8(a)]. The low-temperature peak is associated
with the energy gap between the lowest crystal field-split
energy levels and, hence, can be used to investigate, e.g., the
gap size and magnetic field dependence and the degeneracies
of the associated energy levels. For the non-Kramer’s ion
Pr3+ with J = 4, the crystal field effects in Pr3BWO9 result
in nine singlet states, some of which may have accidental
or near degeneracies [26,29,43]. To quantify the energy gap
separation between the ground state and the first excited level,
the Schottky model for the specific heat capacity of a gapped
two-level system is fitted to the data [42]:

c�1
p = n · R

(
�1

T

)2 g0

g1

e
�1
T[

1 + ( g0

g1

)
e

�1
T

]2 . (1)

Here, n is the concentration of magnetic sites, R is the
universal gas constant, �1 is the associated energy gap, and
(g0/g1) is the degeneracy ratio of the two energy levels. Using
n and �1 as free fit parameters while fixing g0/g1 = 1 yields
a good description of the experimental data cel

p as represented
by the solid lines in Fig. 8(a). The resulting fit parameters are
listed in Table II. We note that the best fits are achieved with
g0/g1 kept constant, which implies that the magnetic field
effect on the levels’ degeneracies is negligible. Further, the fits
yield essentially field independent n � 2.6, which indicates
that only 85% of the Pr3+ ions contribute to the Schottky spe-
cific heat. This agrees well with the observed entropy changes
of ∼0.85 × R ln 2.

The magnetic field dependence of the obtained � is plotted
in Fig. 8(b). It is well described by the expected quadratic

FIG. 8. (a) Temperature dependence of the electronic specific
heat cel

p of Pr3BWO9 for different applied magnetic fields. The solid
lines represent the fits to the two-level Schottky function according to
Eq. (1). (b) Magnetic field dependence of the energy gap �1 obtained
from the fitting cp with the Schottky model. The line illustrates the
cubic field dependence of �.

behavior

�1(B) =
√

[�1(0)]2 + (gμBB/kB)2, (2)

with �1(0) = �1(B = 0 T) and the effective g factor, g. The
best fit yields �1(0) = 18.4 K (i.e., 1.6 meV). This value
agrees very well with the excitation gap of 1.62(1) meV found
in inelastic neutron scattering [29] but is considerably larger
than the excitation gap of 8.0 K (14.1 K) found in NMR
for the B||c (B ⊥ c) axis [26]. The field dependence is best
described by g � 2.6, which is in very good agreement with

TABLE II. Parameters describing the electronic specific heat cel
p

obtained by fitting the data to a two-level Schottky [Eq. (1)] model at
different applied magnetic fields (see Fig. 8). �1 is the splitting gap
and n is the concentration of Schottky centers.

B (T) n �1 (K)

0 2.57(1) 18.2(1)
1 2.58(1) 18.5(1)
2 2.57(1) 18.9(1)
4 2.62(2) 19.8(2)
6 2.61(2) 21.2(2)
8 2.58(1) 23.1(2)
10 2.54(2) 25.2(3)
12 2.48(2) 27.3(4)
14 2.41(1) 29.5(6)
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the powder average of the Ising-like low-energy mJ states
as described by the crystal field parameters in Ref. [29].
The observed quadratic dependence �1(B) qualitatively re-
sembles the findings of Ref. [29], while Ref. [26] reports
a linear field dependence of �. Note that the pulsed field
magnetization data in Fig. 6 do not indicate field-induced
level crossing, e.g., closing of the gap �1. Such a closing
of the gap would be observed in the high-field measurements
if, e.g., the first excited singlet was characterized by larger

(i.e., more negative) effective mJ as compared to the ground
state. This observation is in agreement with the Ising-like
scenario.

The second hump in cel
p appearing around 160 K indi-

cates the thermal population of one or more energetically
higher-lying crystal field levels of Pr3+. We hence extend the
Schottky model Eq. (1), which is used to describe the entropy
changes associated with the thermal population of the crystal
field levels to a three-level model [44]:

c�1/�2
p = nR × g1g0�

2
1g1e−�1/T + g0g2�

2
2g1e−�2/T + g1g2e−(�1+�2 )/T [�1(�1 − �2) + �2(�2 − �1)]

T 2[g0 + g1e−�1/T + g2e−�2/T ]2
. (3)

Here, the energies of the three lowest states are 0, �1, and
�2, while gi (i = 0, 1, 2) is the degeneracy of the respective
level. Fitting the experimental data by means of Eq. (3) yields
an excellent description of the data. Using n = 2.6 obtained
from the low-temperature Schottky peak, cel

p is well described
by �1 = 18.2 K and �2 = 430 K [see the gray line and the
sketch in Fig. 7(b)]. While the degeneracies of the ground
state and the first excited state are g0 = 1 and g1 = 1, the
second excited state exhibits g2 = 3. These results are in rea-
sonable agreement with crystal field splittings suggested by a
point-charge model in Ref. [29], which predicts a ground state
quasidoublet while the next excited states are well isolated
singlets at energies of �2 = 429 K (37.0 meV), �3 = 494 K
(42.6 meV), and �4 = 673 K (58.0 meV). However, as clearly
seen in the experimental data, the predicted gap values neither
are consistent with our specific heat nor do we find signa-
tures for well separated singlets at the predicted energies
�2, �3, and �4. In contrast, the experimental data imply
three quasidegenerated levels. Quantitatively, our data support
a slightly smaller value of �2 than predicted by the point-
charge model and clearly disagree with the prediction for �4.

C. Summary

In summary, we report detailed dc and ac magnetization
studies of the frustrated kagome system Pr3WBO9 in a wide
magnetic field and temperature regime, i.e., up to 60 T in
pulsed magnetic fields and up to 7 T in static fields and down
to 0.4 K. This is supported by specific heat studies up to
14 T. Our data confirm a highly frustrated Ising-like system
the low-temperature properties of which are governed by two
moderately split singlets (�1 � 18 K) forming a quasidoublet
well separated from all other crystal field levels. The next
excited states are identified at �2 � 430 K. The low-energy

gap �1 increases quadratically in external magnetic fields and
the field dependence is governed by the effective g factor 2.6.
No distinct glassy behavior is observed in our dc and ac mag-
netization studies down to 400 mK. The magnetic ground state
is further investigated by magnetization studies up to 60 T
confirming the Ising-like paramagnetic nature of the magnetic
ground state, which is mainly characterized by mJ = −4 with
anisotropy energy Ea/kB � 950 K. The magnetic susceptibil-
ity is well described by an isolated single-ion model. Our
results hence add Pr3BWO9 to the growing family of Ising-
like yet disordered complex lanthanide-based magnets. Addi-
tional studies of magnetic excitations and magnetic exchange
interactions on high-quality single crystals will be needed to
further elucidate the quantum Ising ground state and associ-
ated excitations in this class of frustrated quantum magnets.
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