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New Gd-based magnetic compound GdPt,B with a chiral crystal structure
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Herein, we report the discovery of a novel Gd-based magnetic compound GdPt,B with a chiral crystal struc-
ture. X-ray diffraction and chemical composition analyses reveal a CePt,B-type crystal structure (space group
P6,22) for GdPt,B. Moreover, we successfully grew single crystals of GdPt,B using the Czochralski method.
Magnetization measurements and the Curie-Weiss analysis demonstrate that the ferromagnetic interaction is
dominant in GdPt;B. A clear transition is observed in the temperature dependence of electrical resistivity,
magnetic susceptibility, and specific heat at 7o = 87 K. The magnetic phase diagram of GdPt,B, which consists
of a field-polarized ferromagnetic region and a magnetically ordered region, resembles those of known chiral
helimagnets. Furthermore, magnetic susceptibility measurements reveal a possible spin reorientation within
the magnetically ordered phase in magnetic fields perpendicular to the screw axis. The results demonstrate
that GdPt,B is a suitable platform for investigating the competing effects of ferromagnetic and antisymmetric
exchange interactions in rare-earth-based chiral compounds.

DOLI: 10.1103/PhysRevMaterials.6.104412

I. INTRODUCTION

Novel spin textures in inorganic chiral materials, such as
magnetic skyrmion [1,2] and chiral soliton lattice [3-5], have
received considerable attention because of their applicability
to novel electronic devices. Generally, these characteristic
spin textures are closely related to the symmetry of the crystal
structure. In noncentrosymmetric crystal structures, an anti-
symmetric exchange interaction—the Dzyaloshinskii-Moriya
(DM) interaction [6,7]—affects the magnetic ground state.
Moreover, competition between the exchange and DM in-
teractions occasionally induces characteristic spin textures in
chiral crystals.

In this paper, we report the discovery of a novel Gd-based
compound GdPt,B with a chiral crystal structure. For the
4f7 configuration of a trivalent Gd ion with a half-filled 4 f
shell, Hund’s rule yields S = 7/2 and L = 0. The quenched
orbital momentum results in relatively weak spin-orbit cou-
pling in trivalent Gd (and divalent Eu) compounds and may
lead to interesting spin textures, as observed in 3d mag-
nets. For instance, the anomalous Hall effect induced by
topological spin textures has been reported in Gd/Eu-based
frustrated magnets [8-10] and Eu-based chiral helimag-
nets [11,12]. However, Gd-based intermetallic compounds
with chiral crystal structures are rarely reported. Therefore,
GdPt,;B can provide a useful platform for exploring inter-
esting spin textures induced by the antisymmetric exchange
interaction.

As discussed in Sec. III, x-ray diffraction revealed that
GdPt,B crystallizes in a CePt;B-type hexagonal structure
[space group P6,22 or P6422; see Figs. 1(a) and 1(b)]. To
date, a series of RPt;B compounds with the CePt;B-type
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structure has been reported for Y [13], La [14], Ce [15],

r [14], Nd [14,16], Tm [17], Yb [18], and Lu [18]. The
RPt;B compounds have the same point group Dg as the
typical monoaxial chiral helimagnets CsCuCl; [19,20] and
Cr3NbS; [21,22]. As shown in Fig. 1(a), Gd ions form a
helical arrangement along the [0001] axis, which can be re-
garded as a screw axis. The Gd-Pt and boron layers are stacked
alternately along the [0001] axis, as shown in Fig. 1(b). Pre-
viously, we succeeded in growing single crystals of NdPt,B
using the Czochralski method [16]. Therefore, in addition to
the synthesis of the polycrystal, we grew single crystals of
GdPt,B using the Czochralski method.

Additionally, this study investigates the electrical transport,
magnetic, and thermodynamic properties of GdPt;B single
crystals. GdPt; B exhibits a phase transition at 7o = 87 K. The
temperature dependence of magnetization indicates that the
magnetic transition is neither a simple ferromagnetic nor an
antiferromagnetic transition, whereas the Curie-Weiss analy-
sis suggests that the ferromagnetic interaction is dominant in
GdPt,;B. A magnetic phase diagram is constructed from mag-
netic and thermodynamic measurements, and the magnetic
ordering state of GdPt,B is examined.

II. EXPERIMENTAL DETAILS

GdPt,B polycrystals were synthesized via arc melting us-
ing a tetra arc furnace under an argon atmosphere (99.9999%
purity). The starting materials include stoichiometric amounts
of Gd (99.9% purity), Pt (99.95% purity), and B (99.9%
purity). The ingot was flipped and remelted five times to
ensure homogeneity. A part of the synthesized polycrystals
was used in single crystal growth. Single crystals of GdPt,B
were grown using the Czochralski method. The single crystal
was pulled from the melting ingot using a tungsten seed at a

©2022 American Physical Society
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FIG. 1. (a) Chiral crystal structure of left-handed (space group P6422) GdPt,B. (b) Side view of the crystal structure. Images of crystal
structures were constructed using VESTA [23]. (c) Single crystals of GdPt,B grown using the Czochralski method. (d) Laue photograph of
a GdPt,B single crystal. (e) Plot of observed squared structure factors (Fy,)> of GdPt,B single crystal as a function of calculated squared
structure factors (F.)? on a logarithmic scale. (f) Plot of variations of lattice parameters and volume of RPt,B compounds. (g) X-ray diffraction
powder pattern of GdPt,B single crystals. Ry, is the weighted profile R factor.

speed of 12 mm h~!. The Czochralski process was performed
in a tetra arc furnace under an argon atmosphere (99.9999%
purity). The obtained single crystals are shown in Fig. 1(c).
Single crystals of GdPt,B are stable in air. The single crystals
were oriented using a Laue camera (Photonic Science Laue X-
ray CCD camera) and cut using a spark cutter for subsequent
measurements. The Laue photograph of the GdPt,B single
crystal is shown in Fig. 1(d).

The crystal structure of GdPt,B was determined using
a single-crystal x-ray diffractometer (Rigaku XtaLAB mini
II) with Mo Ka radiation (A = 0.71073 10\). The measured
GdPt,B single crystals were mounted on a plastic fiber. The
data were collected at 296 K using an w-26 scan. After the
single-crystal x-ray diffraction (XRD), the homogeneity and
single-phase nature of the grown single crystal were con-
firmed via powder XRD (Rigaku RINT2500V) with Cu K«
radiation (A = 1.5418 A). The chemical composition and ho-
mogeneity of the obtained single crystals were investigated
through inductively coupled plasma atomic emission spec-
troscopy (ICP-AES). Two samples (labeled as sample 1 and
sample 2) were obtained from different parts of the grown
single crystal and analyzed.

The electrical resistivity was measured using a four-probe
DC method in a Gifford-McMahon refrigerator. Magneti-
zation measurements were performed using a commercial
superconducting quantum interference device (SQUID) mag-
netometer (QD MPMS) at temperatures down to 2 K and in
magnetic fields up to 2 T. The specific heat was measured
using a relaxation method in magnetic fields using a quantum
design DynaCool physical properties measurement system
(QD PPMS).

III. RESULTS and DISCUSSION

First, we discuss the crystal structure analysis of GdPt,B
using powder and single-crystal XRD. The crystal structure
of GdPt;B was determined through single-crystal XRD. The
crystal structure was solved using SHELXT [24] and refined
using SHELXL software [25]. The crystal data, structural re-
finement, and atomic parameters of the GdPt,B single crystals
are summarized in Tables I and II.

TABLE 1. Crystallographic and structural refinement data ob-
tained from single-crystal XRD.

Empirical formula GdPt,B
Formula weight 558.24
Crystal system hexagonal
Space group P6,22 (#181)
a(A) 5.3459(3)
c(A) 7.8987(6)
Volume (A%) 195.49(2)
Formula units per cell (Z) 3
Number of measured reflections (total) 1766
Number of measured reflections (unique) 257
Cut off angle (26ax) 66.1°
R1[I > 2.000(1)] 0.0240

R (All reflections) 0.0251
wR2 (All reflections) 0.0526
Goodness of fit 1.096
Flack parameter —0.038(18)
Max shift/error in final cycle 0.000
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TABLE II. Atomic positions and displacement parameters of
GdPt,B.

GdPt,B
Atom Site X y Z Beg
Gd 3¢ 1/2 0 0 0.268(19)
Pt 6i 0.15166(9) 0.30332(9) 0 0.356(17)
B 3d 1/2 0 1/2 0.7(4)

TABLE IV. Chemical composition obtained by ICP-AES analysis.

GdPt,B single crystal

Sample No. (meas.) Gd (at.%) Pt (at.%) B (at.%)
Samplel (1st) 254 494 25.2
Samplel (2nd) 25.5 49.5 25.0
Sample2 (1st) 254 494 25.2
Sample2 (2nd) 25.5 494 25.1

GdPt,;B crystallizes in the CePt,B-type crystal structure
(hexagonal P6422 space group), which was determined using
a direct method. To determine the unit cell, 831 reflections
were acquired. The 260 value for determining the unit cell
ranged from 8.7° to 66.3°. An empirical absorption correction
and correction for secondary extinction were applied.
The data were corrected for the Lorentz and polarization
effects. The crystal structure was successfully refined using
anisotropic displacement parameters, and the R factors were
sufficiently small: R1 = 2.4% for I > 2.00s(/) and wR2
= 5.26%. The equivalent isotropic atomic displacement
parameter is defined as Beq = %nz[Ul 1(aa*)? + Uxn(bb*)* +
Uss(cc®)? + 2Uqa(aa*bb*) cos ¢ + 2U 3 (aa*cc*) cos b +
2U,3(bb*cc*) cos a], where Uj; is summarized in Table III. a,
b, and c are the real-space cell lengths. a*, b*, and ¢* denote
the reciprocal-space cell lengths. The Flack parameter is used
to determine the absolute structure of the noncentrosymmetric
crystal structure. The obtained Flack parameter was nearly
zero, indicating that the present absolute structure (P6422)
is correct. Figure 1(e) shows the observed squared structure
factors (Fyps)? as a function of calculated structure factors
(Feaic)? using space group P6422.

Figure 1(f) shows a comparison of the lattice parameters
(a and ¢) and volume V of the RPt;B (R = La, Ce, Pr,
Nd, and Gd) compounds. The lattice parameters of LaPt,B
have been reported in Ref. [14], and other data were obtained
through single-crystal XRD. The lattice parameter (a) and the
volume (V') monotonically decrease. Comparing GdPt,B with
LaPt;B, a and V decreased by 3.2% and 6%, respectively.
The decrease in the unit cell volume is known as lanthanoid
contraction. In contrast to the cases of a and V, the lattice
parameter ¢ did not change significantly, and the degree of the
change was less than 0.1%. Anisotropic changes in the lattice
parameters of RPt;B were unusual. The anisotropic change
in the lattice parameters of RPt,B has also been reported by
powder XRD measurements of polycrystalline samples [18].
In another example of rare-earth platinum boride RPt;B, the
changes in a and ¢ were isotropic in the tetragonal struc-
ture [26]. The anisotropic change in the lattice parameters

of RPt,B indicates a characteristic metallic bonding in this
system.

The powder XRD patterns of crushed single crystals of
GdPt,B are shown in Fig. 1(g). The observed peaks are well
indexed to the CePt,;B-type structure, which is consistent with
the crystal structure determined through the single-crystal
XRD. Rietveld analysis was performed using RIETAN-FP [27].
The weighted profile and the unweighted profile R factors
were obtained to be Ry, = 8.39% and R, = 6.21%, respec-
tively. The lattice parameters obtained by the Rietveld analysis
were consistent with those determined by the single-crystal
XRD. Note that we also performed powder XRD measure-
ments on the as-cast polycrystalline samples and obtained a
single-phase XRD pattern. This indicates that GdPt,B is a
congruently melting compound.

In addition to powder and single-crystal XRD, we exam-
ined the chemical composition of the obtained single crystal
through ICP-AES. The chemical compositions of samplel and
sample 2 are listed in Table IV. The chemical composition
ratio was approximately Gd:Pt:B = 1:2:1, and no sample
dependence of the chemical composition was observed. The
results of the chemical composition analysis demonstrated the
stoichiometric composition and the uniformity of the compo-
sition of GdPt,;B single crystals, even considering the errors
associated with the spectroscopy and the preparation of sam-
ple solutions.

As we have shown, we succeeded in obtaining single-
crystalline samples of GdPt;B. Next, the basic physical
properties of the GdPt,B single crystals are presented. Fig-
ure 2(a) shows the temperature dependence of the electrical
resistivity p of GdPt,B for J || [1120] (in-plane). In this
study, we selected four-axis notation to indicate the crystal-
lographic axes, as shown in the inset of Fig. 2(a). GdPt,B
exhibited metallic behavior similar to that of other RPt,B
systems. The ratio of the electrical resistivity at 300 K to
that at the lowest temperature, namely the residual resistivity
ratio, is approximately 3.5. p(7T") shows a clear anomaly at
approximately To = 87 K. dp/dT also shows a clear jump
at Tp.

TABLE III. Anisotropic displacement parameters of GdPt,B.

GdPt,B
Atom Un Un Us; Ui Uis Uss
Gd 0.0020(4) 0.0021(3) 0.0060(4) 0.0010(2) 0 0
Pt 0.0029(3) 0.0029(3) 0.0076(3) 0.0013(2) —0.00103(15) —0.00103(15)
B 0.013(9) 0.004(10) 0.007(10) 0.002(5) 0 0
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FIG. 2. (a) Temperature dependence of the electrical resistivity
p(T) (red, left axis) and its temperature derivative d p/dT (blue, right
axis) of GdPt,B for the electrical current J || [1120]. (b) Plot of the
ordering temperatures of RPt,B as a function of de Gennes factor
(g— DI +1).

The magnetism in metallic rare-earth compounds is ex-
pected to be based on the Ruderman-Kittel-Kasuya-Yosida
(RKKY) interaction, and the ordering temperature could be
proportional to the de Gennes factor (g — 1)2J(J + 1), where
g is the Landé g factor. Khan et al. examined the relation-
ship between the transition temperature of RPt;B (R: Ce, Nd,
Tm, Yb) and the de Gennes factor [18]. Here, we added
the GdPt,B data to the plot of the ordering temperatures of
RPt,B as a function of the de Gennes factor, as shown in
Fig. 2(b). The transition temperature of GdPt,B deviates from
the reported scaling behavior. A similar deviation from the
de Gennes scaling has been reported for RAuln and RNiAl
compounds, and the effect of the d electrons of transition
metal elements on the valence band spectra has also been
reported in these systems [28]. The energy band structure may
affect the magnetism of the RPt,B series. Furthermore, the de
Gennes scaling is often affected by the crystalline electric field
(CEF). As observed in RPtGe compounds [29], the CEF effect
may affect the transition temperatures of RPt,B compounds
other than GdPt,B.

To investigate the magnetic properties and transition at 7o
of GdPt,B, we measured the temperature dependence of the
magnetization for H || [1010] (in plane) and | [0001] (out
of plane). Figure 3(a) shows the temperature dependence of
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FIG. 3. (a) Temperature dependence of the magnetization M for
H | [1010] (in plane) measured at various magnetic fields. The inset
shows an enlarged view of M(T) below the transition temperature
To in the low magnetic field of 0.005 T. Both field-cooled (FC) and
zero-field-cooled (ZFC) data are shown. (b) Temperature dependence
of M for H || [0001] (out of plane) measured at 0.01, 0.05, and 0.5 T.
The inset shows FC and ZFC data of M (T') measured at 0.01 T.

magnetization M for H || [1010] (in plane). As shown in
the inset of Fig. 3(a), M(T) exhibits a rapid increase below
approximately 100 K, followed by a peak structure at Tp in
lower magnetic fields. This behavior indicates that the ground
state of GdPt,B is close to a ferromagnetic state but not a
simple ferromagnetic ground state. A small bifurcation was
observed between the field-cooled (FC) and zero-field-cooled
(ZFC) curves below Ty. Furthermore, M(T) exhibits a broad
maximum at Tp,x ~ 50 K in both the FC and ZFC curves.
The peak at Tp and the broad maximum at i« shift to lower
temperatures with increasing field.

In contrast to the temperature dependence of magnetization
for H | [1010] (in plane), the out-of-plane M (T') exhibits the
nearly ferromagnetic behavior. The peak structure was not
observed in the magnetization of H || [0001]. As shown in
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FIG. 4. Temperature dependence of the inverse susceptibility
1/x for H || [1010] (red markers) and [0001] (blue markers). The
solid lines represent a least-squares fit obtained with the Curie-Weiss
law above 200 K.

the inset of Fig. 3(b), M(T) increases abruptly below Tp. A
broad maximum of magnetization was absent for H || [0001]
in the ordered phase. The bifurcation between the FC and
ZFC curves was also observed in out-of-plane M(T) below
To, although the difference was smaller compared to that of
the Gd-based ferromagnet [30]. The sharp increase in the
magnetization at Tp becomes broad in higher magnetic fields,
similar to the case with ferromagnets, as shown in Fig. 3(b).
The characteristic anisotropic behavior of M (T') indicates that
the magnetic ground state of GdPt,B is neither simple ferro-
magnetic nor antiferromagnetic.

Figure 4 shows the temperature dependence of the inverse
susceptibility 1/x = H/M for H | [1010] and | [0001].
The anisotropy in the magnetic susceptibility is quite small
in the paramagnetic region of GdPt,B because of the con-
figuration of the Gd** ion (S = 7/2, L = 0). The small
magnetocrystalline anisotropy in the paramagnetic state has
been reported for other S = 7/2 systems [31,32]. GdPt,B
exhibits the Curie-Weiss behavior above 200 K. As shown
in Fig. 4, the magnetic susceptibility data are fitted to the
expression of x = C/(T — 0), where C and 6 are the Curie
constant and the Weiss temperature, respectively. We estimate
the effective moment from the Curie-Weiss analysis as fefr =
7.87ug per Gd for H || [1010] and pefr = 7.97 up per Gd for
|| [0001]. The obtained ftef is in reasonable agreement with
the theoretical value of 7.94up for free-ion Gd3t [33]. We
obtained the Weiss temperature & = 98.8 K for both principal
axes, indicating that the interaction between the Gd-ions is
ferromagnetic in GdPt,B.

As mentioned previously, M(T) and 1/x(T) data demon-
strate that the ferromagnetic interaction is dominant in
GdPt,B. Therefore, we measured the isothermal M (H) curves
to investigate the hysteresis loop behavior, as shown in
Figs. 5(a)-5(c). The measurement was performed by sweep-
ing the magnetic field from —2 to 2 T after zero-field
cooling of the sample. The arrows in Fig. 5(a) indicate the
measurement sequences. Despite the dominant ferromagnetic
interaction, no signs of spontaneous magnetization were ob-
served. The M (H) curves change linearly with the sweeping
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FIG. 5. (a) Magnetization curves measured at 2 K for H || [1010]
(red markers) and [0001] (blue markers). (b) M (H ) curves measured
at several constant temperatures for H || [1010]. (c) M(H) curves
measured at several constant temperatures for H || [0001].

magnetic field in the lower field region, regardless of the
field direction. In contrast to the small magnetic anisotropy
in the paramagnetic state, significant magnetic anisotropy was
observed at temperatures below Tp. The saturated magnetic
moment was approximately 7ug/Gd for both [1010] and
[0001] axes. The magnetization saturates at approximately
0.5 T for H | [0001], whereas M(H) reaches 7ug/Gd at
2 T for H || [1010]. As shown in Fig. 5(b), the isothermal
M(H) curve measured at 50 K exceeded the M(H) curve
measured at the lowest temperature in the magnetic field
range below 0.7 T for H || [1010]. This is consistent with
the temperature-dependent measurements. Meanwhile, the
isothermal magnetization curves measured at various constant
temperatures exhibit a nearly ferromagnetic behavior for H ||
[0001], as shown in Fig. 5(c). Hysteresis loop behavior in
M (H ) was absent for both principal crystallographic axes over
the entire temperature range below the ordering temperature.

To clearly detect the phase transitions, we investigated the
thermodynamic properties. Figure 6(a) shows the temperature
dependence of the specific heat C of GdPt,B. C(T') exhibits a
clear jump at Tp = 87 K. Applying the magnetic field along
the [1010] axis, the anomaly shifts to lower temperatures
in magnetic fields of up to 0.2 T, as shown in Figs. 6(b)
and 6(c). The field dependence of the anomaly in C(T") at
To is consistent with that of the peak structure in M(T).
In higher magnetic fields above 0.25 T, a broad maximum
corresponding to the crossover between the paramagnetic and
field-polarized ferromagnetic states was observed at T;,. No-
tably, the anomaly at Ty coexists with the broad maximum at
T., in a magnetic field of 0.2 T, as shown in Fig. 6(c). This
behavior also indicates that the magnetically ordered phase
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FIG. 6. (a) Temperature dependence of the specific heat C of
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indicated by arrows. (d) C(T') measured at 0, 0.05, and 0.1 T for
H || [0001].

is neither a simple ferromagnetic nor an antiferromagnetic
phase.

C(T) shows no apparent anomaly at T« ~ 50 K, where
the magnetic susceptibility exhibits a broad maximum for
H || [1010]. Note that the electrical resistivity also exhibited
no clear anomalies at Ty,,x. The absence of an anomaly in
the specific heat indicates that the broad maximum in the
magnetic susceptibility at 7j,,x is not due to a phase transition.
The broad maximum at 7;,,x suggests the occurrence of spin
reorientation in the magnetically ordered phase. A similar
anomaly in M(T) derived from spin reorientation has been
reported in several systems, such as TbsSi,Ge, [34,35] and
YBaCo,40g [36,37]. Further studies using microscopic probes
are required to confirm the origin of the broad anomaly in
M(T).

We constructed magnetic field vs temperature (H-T') phase
diagrams from the magnetization and thermodynamic mea-
surements of H || [1010] and || [0001], as shown in Figs. 7(a)
and 7(b). The H-T phase diagram comprises field-polarized
ferromagnetic and magnetically ordered regions below 7o
under a magnetic field applied perpendicular to the screw
axis (i.e., H in plane). The transition temperature 7o deter-
mined by magnetization measurements and that determined
by specific heat measurements were consistent with each
other. Tp shifts to lower temperatures under higher external
magnetic fields. However, the crossover between the param-
agnetic and field-polarized ferromagnetic states at 7, moves
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FIG. 7. Magnetic phase diagram of GdPt,B for (a) H || [1010]
(H L screw axis) and (b) H || [0001] (H || screw axis). The dashed
lines in the phase diagrams are guides to the eyes.

to higher temperatures with increasing magnetic fields. The
in-plane H-T phase diagram of GdPt,B is reminiscent of
known chiral helimagnets such as Cry;3NbS, [38,39], B20-
type helimagnets [40], and rare-earth based chiral helimagnet
YbNizAlg [41,42].

In contrast to the case of H || [1010] (H L screw axis),
the H-T phase diagram for H || [0001] (H || screw axis) is
simple and resembles a ferromagnetic H-T' phase diagram.
Figure 6(d) shows the temperature dependence of the specific
heat of GdPt;,B for H || [0001]. Similarly to the behavior
observed in the magnetization, the phase transition at 7o be-
comes a crossover at magnetic fields as small as 0.1 T. In our
magnetization and specific heat measurements, it was difficult
to define the magnetically ordered region for H || [0001].
Electrical transport measurements in magnetic fields may be
suitable for detecting phase boundaries, as reported for the
monoaxial chiral helimagnet Cr,3NbS; [43,44].

Herein, we discuss the magnetically ordered state of
GdPt;B below Tp. The temperature dependence of the
magnetization exhibits a peak only for a magnetic field
perpendicular to the screw axis. The peak structure
in M(T) and its anisotropy of GdPt,B are similar to
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the magnetic behavior in the monoaxial chiral helimag-
net Cri,3NbS, [21,22] and molecule-based chiral magnet
[Cr(CN)e][Mn(S)-pnH(H,0)](H,0)] [45]. The formation of
the peak structure in M (T') of the Dzyaloshinskii-Moriya he-
limagnets is attributed to the commensurate-incommensurate
(C-IC) transition [46,47]. Kishine et al. provided a theoretical
interpretation of the peak formation in M(7") by averaging the
projection of the spin onto the field direction over the period
of the chiral soliton lattice [45]. The peak structure of M(T')
appears to occur due to the C-IC phase transition in GdPt;B.

Note that no metamagnetic transition-like anomaly, which
is often observed in helical magnets, was observed in the
magnetization curve of GdPt;B. In monoaxial chiral helimag-
nets, a steep increase in the magnetization associated with
the formation of the chiral soliton lattice was observed under
magnetic fields perpendicular to the screw axis [4,21,22].
The magnetization process of GdPt,B and its anisotropy are
rather similar to those of a molecule-based chiral magnet
Ko 4[Cr(CN)][Mn(S)-pn](S)-pnH,) ;, which does not show a
steep upturn in magnetization under magnetic fields perpen-
dicular to the screw axis [45]. The strength ratio between the
DM and exchange interactions, namely D/J, plays a crucial
role in forming the chiral soliton lattice under external fields.
The D/J ratio varies with the system, and whether clear for-
mation of the chiral soliton lattice is observed could depend on
the material. The absence of anomalies in the M (H) curves
of GdPt,B could be related to the ratio of the strength of
the exchange interaction to the strength of the DM interac-
tion. Notably, the formation of chiral soliton lattice differs
depending on the strength of the exchange interaction in the
doped-YbNi3Alg system [5]. Moreover, the spin reorientation
for H || [1010] contributes to the magnetization process at
temperatures below T,.x ~ 50 K. Further experiments, such
as neutron scattering and/or resonant x-ray diffraction, are
needed to reveal the detailed properties of the magnetically
ordered state in GdPt,B.

IV. CONCLUSIONS

This paper reported the discovery of a new Gd-based mag-
netic compound GdPt,B with the CePt,B-type chiral crystal
structure (space group P6422, point group D3). The crystal
structure and single-phase nature were analyzed by combining
x-ray diffraction and chemical composition analysis. Addi-
tionally, we reported the growth of single crystals of GdPt,B
using the Czochralski method. The physical properties of
GdPt,B single crystals were examined by means of electrical
resistivity, magnetization, and specific heat measurements. A
clear phase transition was observed in p(T), M(T), and C(T)
at To = 87 K. Interestingly, M (T') exhibited the characteristic
peak structure at Tp for H L screw axis, whereas the peak
structure was absent for H || screw axis. We constructed H-T
phase diagrams from the magnetization and thermodynamic
measurements. Based on the magnetization behavior and
H-T phase diagrams, GdPt;,B could be a chiral helimagnet.
Our results demonstrate that GdPt,B is a suitable plat-
form for investigating the competing effects of ferromagnetic
and antisymmetric exchange interactions in Gd-based chiral
compounds.
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