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Paramagnetic magnetostriction in the chiral magnet CrNb3S6 at room temperature
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We report that the magnetostriction (MS) effects occur in a paramagnetic state of a chiral magnet CrNb3S6.
Through a series of experimental tests at room temperature, structural changes were observed at the level of a
unit cell. The structural parameters are dependent of the strength and direction of magnetic field (H ) even at
temperature excessively higher than the magnetic ordering temperature Tc of 127 K. The present paramagnetic
MS prominently appeared under H‖ the ab plane (easy plane) as opposed to under H‖ the c axis. Features
observed in the paramagnetic MS effect significantly differ from those of the spontaneous MS in the vicinity of
Tc [Phys. Rev. B 102, 014446 (2020)]. In this material, the orbital angular momentum L of Cr originates from the
hybridization between Cr and Nb, and L is strongly coupled with the crystal structure [Phys. Rev. B 99, 174439
(2019)]. The present study clarified that the symmetry of the CrS6 octahedron is sensitive to H even at room
temperature. The paramagnetic spin-orbit coupling should induce the distortion of CrS6 octahedron, resulting in
the changes in Cr-Nb(4 f ) distance via the change in the hybridization between Cr-a1g and Nb-4dz2 orbitals.

DOI: 10.1103/PhysRevB.105.104412

I. INTRODUCTION

In systems with strong magnetostructural correlation, the
volume of the unit cell changes when the spin system
transforms to a certain magnetically ordered state. This phe-
nomenon is termed as “magnetostriction (MS) effect,” and
many experimental reports have been published in the fields
involving ferromagnetic crystals, alloys, and amorphous al-
loys [1]. Furthermore, the studies on MS have been enlarged
to the first-order transition systems [2], itinerant-electron
magnets [3–5], multiferroic systems (perovskite system) in-
cluding Mn oxides [6–14], heavy fermion systems [15,16],
pyrochlore system [17], and lanthanide-iron compounds [18].
Most of the MS effect is related to magnetic ordering and
some of MS is related to crystal fields [19,20]. In general, the
MS in ferromagnets is phenomenologically interpreted as an
effect of magnetoelastic coupling, and it is enhanced with the
aid of itinerant electrons. From a macroscopic viewpoint, the
aforementioned phenomena can be understood with the point
group theory.

The MS in the paramagnetic region is rare: it has been ob-
served in several systems, such as ferromagnetic amorphous
alloys, spin liquid [17], and mixed valence manganese oxides
[6,8], and it is related to the local moments in the paramag-
netic state.

*mitoh@mns.kyutech.ac.jp

The orbital angular momentum L denotes the exotic phys-
ical phenomena via the spin-orbit coupling (SOC) that forms
a microscopic manner of magnetostructural correlation. The
SOC also brings about magnetocrystalline anisotropy, which
in turn can enhance the MS effects. In materials, which be-
long to Sohncke space group, without rotoinversion symmetry
elements [21], the Dzyaloshinskii-Moriya (DM) interaction
arises from a combined second-order perturbation of SOC
and exchange interaction [22,23]. The competition between
exchange interaction and DM interaction stabilizes a long-
wavelength helical order, i.e., helimagnetic (HM) order. The
magnitude of DM interaction is generally small when com-
pared to the exchange interaction. However, its vector type
of interaction is rooted in the crystal structure and governs
twisting of spins over the crystal. It brings about nontrivial
spin textures such as magnetic superlattice with vortices [24]
and kinks [25] at finite magnetic field (H) as well as HM
structure at zero H .

The MS effect has been observed in chiral magnets, where
the DM interaction can be permitted: for instance, chiral
magnets with a B20-type cubic crystal structure allow the
existence of multiple DM vectors and the formation of a
magnetic vortices lattice called Skyrmion lattice. The H-
induced MS, termed forced MS, related to Skyrmion lattice
has been studied in MnSi, via the capacitance measurement
[26,27]. The relation of MS to the structural symmetry was
discussed based on the group theory [27]. In FexCoi−xS with
the B20 type structure, the MS at zero H , termed spontaneous
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FIG. 1. (a) Crystal structure of CrNb3S6. Nb(2a) and Nb(4 f ) are
denoted in light and dark green, respectively. (b) Local structure of
CrS6 octahedron sandwiched with two Nb(4 f ) atoms and image of
hybridization between Cr-a1g and Nb-4dz2 orbitals. The following
relations hold up: ∠S1CrS4 = ∠S2CrS5, ∠S3CrS6; ∠S5CrS6 =
∠S1CrS2, ∠S1CrS3, ∠S2CrS3, ∠S4CrS5, ∠S4CrS6. The two tri-
angles �S1S2S3 and �S4S5S6 are regular triangles.

MS, has been investigated from the viewpoint of thermal
expansion [28].

In 2020, in a typical monoaxial-DM type of chiral he-
limagnet CrNb3S6 with the magnetic ordering temperature
Tc of 127 K [29–31], the characteristic spontaneous MS
was observed at the boundary between the paramagnetic
and HM states [32]: the change in atomic position, reflect-
ing the existence of local distortion, occurs over a wide
temperature range up to room temperature. Note CrNb3S6

exhibits a strong magnetocrystalline anisotropy on the
ab plane [33]. Thus the forced MS effect was also observed
at the strength of a magnetic field H of 1.2 kOe: a small
change in the unit cell volume of 0.4% survives even at room
temperature [32].

The crystal structure of CrNb3S6 is as follows: Cr3+ ions
are inserted into the space between hexagonal NbS2 layers
as shown in Fig. 1(a). The insertion of Cr3+ does break the
inversion symmetry. The material crystallizes as the non-
centrosymmetric hexagonal space group P6322 [29,30,34–
36]. The Nb positions occupy two sites, 2a and 4 f , which
are termed as Nb(2a) and Nb(4 f ) in Fig. 1(a). The Nb(4 f )
is located so as to get close to the 3S triangle of CrS6

octahedra as shown in Fig. 1(b). However, in this clus-
ter unit of CrS6-Nb(4 f ), the local symmetry with respect
to Cr is approximately D3d . Consequently, Cr 3d orbitals
lead to an energy splitting of an electron configuration as
t2g → e′

g + a1g. In this case, a1g denotes an orbital, 3z2 − r2,
that stretches along the c axis toward Nb(4 f ) atoms. The z2

orbital of Nb(4 f ) is hybridized with the delocalized a1g orbital
of Cr [37]. The delocalized e′

g orbital of Cr is hybridized with
S 3p orbitals.

Based on the Lorenz microscopy experiment, a ferro-
magnetic network develops on the ab plane [38] and the
magnitude of its intraplane interaction is 140 K [33]. The
ESR experiment evaluated the interplane exchange interac-
tion along the chiral c axis (16.2 K), the DM interaction
(1.29 K), and the easy-plane anisotropy (1.02 K) [39]. The
results show fair matching with the values obtained from the

Monte Carlo simulation [33]. Thus the ferromagnetic layer
(ab plane) with the easy-plane anisotropy stacks along the
chiral axis (c axis). The magnetization originates mainly from
Cr, while the electrical conductivity originates from Nb. For
T < Tc, prominent magnetoresistance reflecting the change in
the magnetic structure was observed [40–42]. We stress that
there is a significant cross correlation among chiral structure,
chiral magnetic texture, and electric conductivity, because of
the orbital hybridization between Cr and Nb(4 f ). Indeed, the
symmetry of CrS6 octahedron is reduced as the temperature
increases above Tc [32]. We are interested in the influence of
the symmetry change on the aforementioned cross correlation
at room temperature. In this study, to elucidate whether the
paramagnetic MS occurs in the microscopic level, we con-
ducted the x-ray structural analysis experiments for CrNb3S6

as a function of magnetic field H at room temperature.

II. METHODS

Powders and single crystals of CrNb3S6 were synthe-
sized via a chemical vapor transport method, described
elsewhere [38]. The powder sample has also been used in
the room-temperature x-ray diffraction (XRD) experiment at
hydrostatic pressure [30,43] and low-temperature XRD at H
= 0 [32]. In this study, we performed XRD analyses at room
temperature (RT), 299.2 K, using a synchrotron radiation
XRD system with a cylindrical imaging plate at the Photon
Factory at the Institute of Materials Structure Science, High
Energy Accelerator Research Organization [44]. The energy
of the incident x rays was 16 keV. Two facing NdFeB magnets
(NeoMag Co., Ltd.), product No. N48H with remanence of
13.8 kG and size of 10 × 6 × 3 mm3 and product No. N52
with remanence of 14.5 kG and the size of 10 × 7 × 8 mm3,
were located in the aforementioned diffractometer [32]. The
H values were changed by controlling the distance between
the sample and NdFeB magnets. Then, the H value was
always reduced down to zero before constructing new con-
figuration of NdFeB magnets. The experiments for a single
crystal of CrNb3S6 were conducted in three orientations,
H ⊥ c (H ‖ ab plane), 45◦ orientation from c axis and ab
plane, and H ‖ c. The accuracy of the orientation adjustment
was ±2◦. The diffraction spots for single crystals were ob-
served in the vibration mode of every 1◦ for ±3◦. On the
basis of the changes in the spot pattern, the changes in the
lattice constants were evaluated. Herein, the atomic positions
in the unit cell did not become parameters in the analyses.
The pattern of observed diffraction spots depend on the H
orientation, such that the error bars depend on both the kind
of lattice constant (i.e., a or c) and the H orientation. In the
powder experiments, a series of measurements revealed that
the quality of the Debye-Scherrer ring did not change even
under H . This in turn suggests the crystallite did not orientate
along a specific direction under H . The powder diffraction
patterns were analyzed to search how each atomic position
changes along with the change in lattice constants by means of
the Rietveld refinement using the RIETAN-FP package [45].

The H dependence of magnetization (M) was observed
using a commercial superconducting quantum interference
device magnetometer to confirm the M values and the mag-
netic irreversibility between field-cooling and field-warming
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FIG. 2. (a) H dependence of magnetization M for H ‖ c and
H ⊥ c at T = 5 and 300 K. The results at 300 K are magni-
fied in the inset. (b) T dependence of M for H‖ c and H ⊥ c at
H = 1 kOe. For reference, the curves representing the Curie-Weiss
law with the spin value of 3/2 and Weiss temperature (Θ) of 129–
135 K are also shown. It indicates that there survives ferromagnetic
magnetic correlation between spins of CrNb3S6 even at 300 K,
whereas there is no observable orientation dependence.

processes. The c axis of the single crystal was placed in the
direction parallel to H or perpendicular to H . In addition, the
electrical resistance R was also observed for H ⊥ c via the
four-terminal method by using a commercial cryostat with a
superconducting magnet.

III. EXPERIMENTAL RESULTS

A. Magnetization using a single crystal

Figure 2(a) shows the H dependence of M for H ‖ c and
H ⊥ c at T = 5 and 300 K in the H region below 4 kOe.
For H ⊥ c (H ‖ ab), M saturates at approximately 3 μB at
5 K. For H ‖ c, M exhibits a linear increase with respect to

FIG. 3. H dependence of electrical resistance R for H ⊥ c at
300 K in the processes of increasing H (red) and decreasing H (blue).
No hysteresis was observed in the magneto resistance response.

the increase in H . However, at 300 K, the values of M are
not dependent on the H direction, as confirmed in Fig. 2(b).
The T dependence of M in the paramagnetic region obeys the
Curie-Weiss law with the spin value of 3/2 and positive Weiss
temperature Θ of 129–135 K, consistent with the analytic
result in Ref. [29]. Even at around 300 K, the Curie law
without the Weiss temperature is inappropriate to reproduce
the T dependence. Thus, for CrNb3S6, thermal fluctuation of
300 K is not sufficient to eliminate the ferromagnetic magnetic
correlation between Cr3+ spins on the ab plane.

B. Magnetoresistance using a single crystal

Figure 3 shows the H dependence of electrical resistance
R at 300 K for H ⊥ c. In the H region up to 9 T, a 0.2%
reduction in R was observed. The spontaneous magnetostric-
tion at H = 0 and field-forced magnetostriction at H = 1.2
kOe have already been observed over 93–295 K [32]. The
magnetoresistance was investigated over 10–160 K [41]. In
the present study, we confirmed that the significant effect
of the hybridization between the z2 orbital of Nb(4 f ) and
delocalized a1g orbital of Cr survives even at 300 K. Given
the results of Fig. 2(b), it is important to consider that there
the Cr3+ spins feeling ferromagnetic correlation trigger the
magnetoresistance effect by the conduction electrons of Nb.

C. XRD using a single crystal at RT

In CrNb3S6, the ferromagnetic layer (ab plane) with the
easy-plane anisotropy stacks along the chiral axis (c axis). The
comparison between the magnetostriction for H ‖ ab plane
(H ⊥ c) and that for H ‖ c in the single crystal experiments
is a matter of the greatest concern.

Figures 4(a) and 4(b) show the H dependence of normal-
ized lattice constants a and c with those at H = 0 for H ⊥ c
at RT. The lattice expands toward the a axis at small fields
and the expansion becomes 0.09% at 0.8 kOe. At the same
time, the c axis shrinks, which in turn decreases the unit cell
volume V as shown in Fig. 4(c). With further increasing H , a
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FIG. 4. H dependence of lattice constants, a (a), (d), (g), c (b), (e), (h), and V (c), (f), (i), of CrNb3S6 at RT for H ⊥ c (H‖ ab plane)
(a)–(c), the 45◦ orientation with respect to c axis and ab plane (d)–(f), and H ‖ c (g)–(i). The numbers adjacent to the symbols denote the
sequence of the measurement. The H value was always reduced down to zero before constructing a new configuration of NdFeB magnets, and
the numbers denoting the sequence have no important meaning in a series of the H change.

starts to decrease. It becomes smaller than that at H = 0 and
the shrinkage reaches 0.04%. Conversely, c tends to increase
around 1 kOe and it exhibits the 4% expansion at 2 kOe.
The 2% expansion remains even above 2.4 kOe, because the
value of c(H )/c(0) keeps almost to 1.020. The magnitude
of the aforementioned forced magnetostriction is much larger
than that of the spontaneous magnetostriction below Tc [32].
Thus the relative change in c is 50 times larger than that in
a. Later, the powder experiment shown below yields micro-
scopic information on a correlation of the structural change
in the ab plane with that along the stacking direction of the
ab plane. Now, we assume that the structural change along the
c axis originates from the change in c along the hybridization
between z2 orbital of Nb(4 f ) and delocalized a1g orbital of
Cr. The change in the unit cell volume V is closely correlated
with the change in c. Indeed, their baselines in both c and V
exhibit negative slope with respect to H in the considered H
region. Hence, in the following, we examine as to whether the
aforementioned lattice change occurs in other H orientation.

Figures 4(d)–4(f) show the H dependence of normalized a,
c, and V when H is applied along the direction that is 45◦ with
respect to the c axis and ab plane. The entire H dependencies
of a and c are similar to those for H ⊥ c (H ‖ ab). First,
a exhibits small expansion of more than 0.1% at approxi-
mately 500 Oe. The maximum expansion is observed at lower
H than that for H ⊥ c. Above 1 kOe, the ab plane shrinks
when compared to that at H = 0, similar to H ⊥ c. Next, along
the c axis, shrinkage and expansion occur similar to that for
H ⊥ c, and the switching occurs at 1.2 kOe, which is lower

than that for H ⊥ c. The magnitude of the maximum change
in c is at most 0.03%. Quantitatively, the change in a is larger
than that in c. The change in V shown in Fig. 4(f) reflects that
in a rather than that in c. Thus, by deviating the H direction
from the ab plane, the shrinkage and expansion along the c
axis is significantly suppressed to the level of one-hundredth.

Figures 4(g)–4(i) show the H dependence of lattice param-
eters a, c, and V for H ‖ c. In the figures, a and c do not
exhibit meaningful changes with respect to the change in H .
Furthermore, V maintains a constant value.

The comparison among three H orientations in Fig. 4 re-
veals that the MS occurs when H is applied in a direction
parallel to the magnetic easy plane. It is natural to identify
any important factors for producing the easy-plane type of
magnetic anisotropy. The present MS at RT is observed suffi-
ciently higher than Tc. The order of the easy-plane anisotropy
(∼1 K) as well as the DM interaction (∼1 K) is much smaller
than the thermal energy at RT [39]. Hence it may be worth
considering that the paramagnetic MS originates directly from
the change in the orbital angular momentum L as opposed to
the paramagnetic MS from SOC via spins.

D. XRD using a powder sample at RT

In the case of the powder XRD experiment, the effects of
H for all orientations are merged, whereas it is easier to obtain
the information on atomic positions than in the single crystal
experiment. To elucidate the mechanism at the unit cell level,
each atomic position was investigated in the powder x-ray
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FIG. 5. H dependence of lattice constants [a (a), c (b), V (c)], atomic positions [Nb(4 f )z (d), Sx (e), Sy (f), Sz (g)], and the bonding angles
[S1-Cr-S4 (h), S1-Cr-S5 (i), S1-Cr-S6 (j), S5-Cr-S6 (k)], obtained via powder XRD analysis of CrNb3S6 at RT. In (a)–(c), for the point with
the maximum change, the relative value with respect to the baseline is depicted along with a two-way arrow. The numbers adjacent to the
symbols denote the sequence of the measurement. The H value was always reduced down to zero before constructing a new configuration of
NdFeB magnets, and the numbers denoting the sequence have no important meaning in a series of the H change. In each figure, characteristic
H values are marked with arrows.

analysis experiment. As supplemental data, the results for the
powder sample are also shown below.

Figures 5(a) and 5(b) show the H dependence of lattice
constants a and c estimated by the powder XRD analysis
at RT. They exhibit a double maximum at 1.2–1.3 kOe and
2.1–2.3 kOe. The double maximum in c shifts toward the
slightly lower H side than that in a. The location of the
maximum in c at 2.1 kOe matches that of the maximum in
c of the single crystal for H ‖ ab shown in Fig. 4(b). The
maximum in a in the lower H side appears at slightly higher
H than the maximum in a of the single crystal for H ‖ ab
shown in Fig. 4(a). This behavior is almost consistent with
the behavior observed in the experiment for 45◦ orientation
with respect to the c axis and ab plane using a single crystal
[see Figs. 4(d)–4(f)]. Comparing the maximum change in
a(H )/a(0) [0.023%] and that in c(H)/c(0) [0.025% from the
baseline], they are comparable, and both changes are reflected
in V (H )/V (0).

Figures 5(d)–5(g) show the H dependence of atomic posi-
tions Nb(4 f )z, Sx, Sy, and Sz. Specifically, Nb(4 f )z exhibits
the maximum at approximately 800 and 2000 Oe. Sx ex-
hibits the maximum at approximately 1200 and 1800 Oe,
Sy exhibits the maximum at approximately 1900 Oe, and Sz
exhibit prominent minimum at approximately 1000 Oe and
tiny hump at approximately 1800 Oe. These changes should
be correlated with the change in lattice parameters a, c, and
V . Indeed, we found the following correlation among them:

the maximum in a at approximately 1300 Oe and 2250 Oe are
related with the change in the lower-side maximum in Sx and
the maximum in Sy, respectively. The movement of Nb(4 f )
along the z direction (c-axis direction) would be related with
a change in the atomic coordinates of S. In this compound,
the orbital hybridization between Cr and Nb(4 f ) produces
an angular momentum L [37]. Hence it is evident that the
change in Nb(4 f )z leads to a change in L. The change in
atomic coordinates is reflected in the change in the bond-
ing angle, S1-Cr-S4, S1-Cr-S5, S1-Cr-S6, and S5-Cr-S6, as
shown in Figs. 5(h)–5(k). They show characteristic changes
at approximately 1200 and 1800 Oe. Specifically, S1-Cr-S4
tends to change far from 180◦ at two characteristic fields and
S1-Cr-S5, S1-Cr-S6, and S5-Cr-S6 tend to change far from
90◦ at two characteristic fields. At approximately 1200 and
1800 Oe, the CrS6 octahedra tend to be distorted and there the
twisting can be enhanced.

IV. DISCUSSION

Figure 6 shows the overview of the change in the twisting
of twin CrS3 tetrahedrons in the process of increasing H ,
wherein the H region is divided into four regions by focusing
five H points. The aforementioned five H points are denoted
with blue circles in the two insets of Fig. 6, which present the
H dependence of ∠S1-Cr-S4 (a) and Cr-Nb(4 f ) (b). Herein,
∠S1-Cr-S4 is one of the characteristic angles for imaging the
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FIG. 6. Overview of the change in the twisting of twin CrS3 pyramids in the process of increasing H , where the H region is divided into
four regions. The number for each structural image corresponds to the sequence number of the experiment using the powder sample. For
reference, it is marked with a blue circle in two inset figures, (a) ∠S1-Cr-S4(H ) [it is the same to Fig. 5(h)] that is one of characteristic angles
for imaging the twisting of twin CrS3 tetrahedrons and (b) distance Cr-Nb(4 f ) valid for imaging the change in the hybridization between Cr
and Nb(4 f ) along the z direction (c-axis direction). The green broken lines denote the situation before the change and the solid green lines
denote the situation after the change. The orange arrows denote the direction of twisting. In the actual experiment, the measurement sequence
was No. 1 → 2 → 7 → 8 → 10.

twisting of twin CrS3 tetrahedrons and the distance Cr-Nb(4 f )
is valid for imaging the change in the hybridization between
Cr and Nb(4 f ) along the z direction.

(1) In the process of 0 → 1.0 kOe (No. 1 → No. 10), the
area of the 3S triangle, �S1S2S3 and �S4S5S6, decreases,
while the distance between the two 3S triangles increases. The
upper inverse pyramid rotates counterclockwise, while the
lower pyramid rotates clockwise. The aforementioned change
reveals that the strain due to the twisting increases in this
process.

(2) In the process of 1.0 → 1.6 kOe (No. 10 →
No. 8), the area of the 3S triangle increases, while the distance
between two 3S triangles decreases. Consequently, the relative
inverse twisting of two pyramids is released and the strain
accumulated in the process of (1) is released.

(3) In the process of 1.6 → 1.8 kOe (No. 8 → No. 7),
structural change similar to that in (1) occurs.

(4) In the process of 1.8 → 2.7 kOe (No. 7 → No. 2),
structural change similar to that in (2) occurs.

Thus the accumulation and release of the twisting-induced
strain are repeated. In the actual experiment, the measurement
sequence was No. 1 → 2 → 7 → 8 → 10. Furthermore,
the measurement sequence after No. 2 was not performed in
the process of decreasing H systematically; nevertheless, we
can consistently see double maximum or double minimum
H dependence in most of the figures in Fig. 5. The present
H dependence of attractive structural parameters is surely
reversible against the increase and decrease in H .

By focusing the CrS6 octahedra and the hybridization be-
tween Cr and Nb(4 f ), the changes in the unit cell volume
under magnetic field are imaged: the heavy Nb(4 f ) atom that
moves along the c axis is related with the rotation of the CrS6

octahedra. This movement brings about a change in a as well
as a change in c. Hence it is important to consider “why the
aforementioned structural changes occur.”

As the first scenario, we assume that Cr-a1g orbital can
change by SOC via the Cr spins when H is parallel to the
ab plane. This leads to the change in a accompanying the
distortion of the CrS6 octahedron. This change in a leads to
the change in c through the hybridization between Cr-a1g and
Nb-4dz2 orbitals. As the second scenario, H directly changes
the orbital angular momentum L for Cr, leading to a change in
the hybridization between Cr-a1g and Nb-4dz2 orbitals. Con-
sequently, the change in the hybridization brings about the
change in the unit cell volume.

The characteristic H values for the structural change at
RT are observed as identical to the critical H values between
CSL-1 and CSL-2 and between CSL-2 and FFM [31]. The-
oretically, the former is related to J and D, while the latter
is related to J . However, occasional consistency cannot be
explained: the magnetic moment at RT is one-thousandth of
that below Tc. However, SOC governs the magnetostructural
correlation even above Tc (=127 K) [32]: even at H = 0, the
Invar effect, which maintains the constant unit cell volume, is
observed below 170 K [32]. With respect to the coordinate of
Nb(4 f ) and S, significant changes are observed over the wide
T range up to RT. In particular, Nb(4 f )z has the minimum
at around 260 K and Sz exhibits large change above Tc. The
symmetry of the CrS6 octahedron is reduced as T increases
above Tc [32]. In the present study, the magnetostructural
correlation at RT was investigated via the examination of
MS. The paramagnetic moment with ferromagnetic magnetic
correlation exists even at RT, as seen in Fig. 2(b). The ferro-
magnetic correlation works on the ab plane and indeed the MS
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effects are observed remarkably for the H ‖ ab plane. Herein,
the MS cannot be discussed without considering the spin as
well as orbital. Therefore, we propose the first scenario—the
paramagnetic MS is triggered with SOC. In the future, the
first-principles calculations would be desired to understand
the paramagnetic magnetostriction at room temperature.

V. CONCLUSION

In this study, we observed magnetostriction in CrNb3S6

at room temperature. This intrinsically differs from forced
magnetostriction due to the SOC in the vicinity of Tc. The
distortion of the CrS6 octahedron accompanies a change
in the hybridization between Cr-a1g and Nb-4dz2 orbitals,
resulting in the change in the Cr-Nb(4 f ) distance. The re-
sultant movement of Nb(4 f ) along the z direction leads to a
change in the unit cell volume. This is a unique phenomenon
of the L-induced structural modulation or small-S-motivated
SOC.

The crystal structure can be modified via L. Now, it is an
open question as to whether the present paramagnetic MS
is triggered from the change in L directly changed by H or
from the change in S and the subsequent change in SOC.
In this material, the total magnetization at room tempera-
ture is quite small due to large thermal fluctuation, whereas
the ferromagnetic spin contribution cannot be ignored there.
We consider that the present paramagnetic magnetostriction
would originate from significant SOC in CrNb3S6.
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