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The family of transition-metal dipnictides, MX2 (M: metal, X : N, P, As, Sb, and Bi), has emerged as an important
quantum material system due to its unique physical properties, such as large magnetoresistance, colossal Seebeck coeffi-
cients, and Weyl semimetal characteristics. In order to study the M-site ions effect on the lattice structure and the related
dynamics, we compared two isostructural compounds, FeSb2 and RuSb2. Neutron diffraction, specific heat, and Raman
scattering spectra of RuSb2 were measured. We found that the thermal expansion coefficients are isotropic for RuSb2, in
contrast to the anisotropic behavior reported previously in FeSb2. Moreover, the specific heat of RuSb2 shows a boson-
like anomaly around 25 K. Four of the six predicted vibrational modes were identified by polarized Raman scattering
spectra and successfully simulated by ab initio calculations. Meanwhile, the temperature-dependent linewidths reveal that
phonon–phonon interactions might dominate above 50 K, while electron–phonon coupling remains relatively weak.

Keywords: transition-metal dipnictide, neutron diffraction, Raman, boson-like peak
PACS: 63.20.–e, 61.05.F–, 63.20.Ry, 78.30.–j
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1. Introduction
Transition-metal dipnictides of the MX2 family, where M

represents the transition metal and X denotes the phosphorus
group, have become one of the important research frontiers
owing to their exotic physical properties and the related states.
For example, WP2 and MoP2 show extremely high electrical
conductivity and large magnetoresistance (MR) from the spin
texture induced by Weyl points.[1–5] In contrast, NbAs2 and
TaAs2 exhibit resistivity plateau and large MR at low temper-
atures and high fields due to the field-induced metal–insulator
transition or Kohler’s rule.[6–8] Among them, MSb2 (M = Fe,
Ru, Cr) have garnered significant attention due to their promis-
ing thermoelectric (TE) properties.[9–12] For instance, FeSb2

presents a colossal Seebeck coefficient (S) and a record-large
TE power factor, attributed to the phonon-drag effect.[9] To
investigate the ionic effect on these properties, the isostruc-
tural compound RuSb2 has also been studied, revealing a
conventional band semiconductor behavior (or slight electron
correlation) with an energy gap of 0.19 eV.[13] Meanwhile,

its magnetic susceptibility (χ) displays nearly temperature-
independent diamagnetism,[12] and a high positive MR was
observed at 2 K in the ab plane of RuSb2.[14] The static and
dynamic information of materials is key for understanding and
regulating their mechanical, thermodynamic, and electronic
properties. While previous studies have focused on electronic
contributions to these properties, the thermal effect and the re-
lated lattice dynamics of RuSb2 remain unexplored.

Hence, we carried out structural and thermodynamic
studies to further elucidate the difference in the structure
and thermal properties of RuSb2 and FeSb1.8. Temperature-
dependent neutron diffraction measurements were performed
to track the evolution of the lattice parameters in both com-
pounds. Furthermore, the specific heat of RuSb2 exhibited a
boson-like peak around 25 K, and the phonon behaviors of
RuSb2 were captured by the Raman experiment and simulated
by density functional theory (DFT) calculations. By delving
into the intricacies of lattice and phonon dynamics, a method
of developing advanced materials with optimized functionali-
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ties was suggested.

2. Results and discussion
2.1. Synthesis

RuSb2 crystals were grown using the self-flux method.
Starting materials of high-purity Ru powder (99.9%) and Sb
granules (99.999%) were mixed in a molar ratio of 1:10 and
placed into an alumina crucible. The crucible was sealed in a
quartz ampoule under vacuum. The sealed quartz ampoule
was heated to 1373 K within 15 hours and maintained for
20 hours, and then slowly cooled to 973 K at a rate of 1.5 K/h.
The excess flux was removed using a high-speed centrifuge.
Then the quartz tube was cooled to room temperature in air,
leaving RuSb2 single crystals with a black shiny metallic lus-
ter in the crucible.

High-purity powders of Fe (300 mesh, 99.95%) and Sb
(300 mesh, 99.999%) were weighed according to the stoi-
chiometric ratio specified by the chemical formula. The pow-
ders were thoroughly mixed using an agate mortar and pestle.
The mixture was subsequently loaded into a graphite crucible
which was sealed inside a quartz tube under vacuum. The
quartz tube was placed in a muffle furnace and heated at a
rate of 1 K/min to 903 K. The quartz tube was kept at 903 K
for 72 hours and then cooled to room temperature, leaving
FeSb2−x (x = 0, 0.1, 0.2) powders. Although three compo-
sitions were synthesized, only FeSb1.8 (x = 0.2) presented the
single phase.

2.2. Crystallographic structures

The crystal structures of RuSb2 and FeSb1.8 at 300 K
were measured by neutron powder diffraction (NPD). The Ri-
etveld analysis confirmed that both compounds crystallized
in the orthorhombic space group Pnnm (No. 58) without dis-
cernible impurities, as shown in Figs. 1(a) and 1(b). Consis-
tent with previous report, the derived lattice parameters are
a= 5.953425(11) Å, b= 6.675597(12) Å, c= 3.181239(5) Å
for RuSb2 and a = 5.832623(3) Å, b = 6.538084(3) Å, c =

3.197367(2) Å for FeSb1.8.[15] The smaller lattice parame-
ter ratios of RuSb2 (c/a ∼ 0.53 and c/b ∼ 0.47) compared
to those of FeSb1.8 (c/a ∼ 0.54 and c/b ∼ 0.48), as well as
the Ru–Sb–Ru angle (ϕ) less than 90◦, lead to the formation
of the regular marcasite structure. The crystal structures of
RuSb2 and FeSb1.8 are represented in the inset of Fig. 1(b),
where the Ru (Fe) ions are surrounded by distorted Sb octahe-
dra, and the structural units, RuSb6 (FeSb6) octahedra, share
edges along the c-axis. Furthermore, to validate the exper-
imental lattice parameters, first-principles calculations were
performed by employing the advanced r2SCAN functional.
The optimized lattice constants for RuSb2 are a = 5.9786 Å,
b = 6.7051 Å, and c = 3.2162 Å.

To explore the thermal expansion process in RuSb2 and
FeSb1.8, the temperature-variable NPD measurements were
performed. The crystallographic structures of RuSb2 and
FeSb1.8 can be well fitted using the same structural model
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Fig. 1. Rietveld refinement of neutron diffraction data measured at 300 K for (a) RuSb2 and (b) FeSb1.8. The green vertical bars indicate the
expected Bragg reflection positions and the bottom blue curves show the difference between the observed and calculated patterns. The inset of
(b): crystal structure of XSb2 (X : Ru, Fe) showing X (red) surrounded by Sb (blue) octahedra. The angle ϕ of X–Sb–X is constructed by two
yellow solid lines. The shorter and longer X–Sb bonds are shown in green and pink solid lines, respectively. The single unit cell is plotted using
dashed lines. (c)–(e) Lattice parameters as a function of temperature from 2 K to 300 K in RuSb2, FeSb1.8, and FeSb2.[15] The solid line denotes
the fitting of the linear thermal expansion coefficients. Temperature dependence of (f), (g) X–Sb bond lengths, and (h) X–Sb–X angles from 2 K
to 300 K for RuSb2 and FeSb1.8. The top panels of (f) and (g) show the temperature dependence of the shorter X–Sb bonds, while the bottom
panels of (f) and (g) illustrate the temperature dependence of the longer X–Sb bonds.
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throughout the temperature range of 2–300 K, suggesting the
absence of any phase transitions. Figures 1(c)–1(e) present
the temperature dependence of the lattice parameters a, b,
and c for RuSb2, FeSb1.8, and FeSb2

[15] from 2 K to 300 K.
The lattice parameters for RuSb2 are temperature-independent
at T < 50 K and then increase linearly with the tempera-
ture above 50 K. The linear thermal expansion coefficients
αi = 1/l (∂ l/∂T ) (i = a, b, c) can be extracted from the
lattice constants data fitted above 100 K. The thermal ex-
pansion coefficients of RuSb2 are nearly isotropic with αa =

5.7(2)×10−6 K−1 and αb,c = 5.5(2)×10−6 K−1. In contrast,
FeSb1.8 shows anisotropic thermal expansion characteristics,
demonstrating distinct values along different crystallographic
axes: αa = 5.1(0)×10−6 K−1, αb = 1.6(0)×10−5 K−1, and
αc = 3.9(1)×10−5 K−1. Although the Sb vacancy concentra-
tions differ between FeSb1.8 and FeSb2, the overall trends in
the temperature dependence of the lattice parameters are sim-
ilar. For comparison, the linear thermal expansion coefficients
of FeSb2 are αa = 4.2×10−6 K−1, αb = 1.3×10−5 K−1, and
αc = 3.4×10−5 K−1.[15]

The linear thermal expansion of lattice constants corre-
lates with bond length elongation and bond angle variations.
As shown in Figs. 1(f) and 1(g), above 100 K, the shorter
Fe–Sb bonds undergo accelerated thermal expansion com-
pared to the Ru–Sb counterparts. Meanwhile, the bond angles
ϕ in FeSb1.8 demonstrate remarkably stronger temperature-
dependent variations than those in RuSb2 (Fig. 1(h)). These
coordinated structural responses collectively contribute to the
pronounced anisotropic lattice expansion along the b- and c-
axes in FeSb1.8, different from those observed in RuSb2.

2.3. Specific heat

To gain insights into the lattice dynamics and anharmonic
effects in RuSb2, we systematically investigated its specific
heat behavior. The specific heat, CP, can be well fitted by the
Debye–Einstein model[16]

CP = βT +9R
∑
i

Ai

(n−1)

(
T

ΘD

)3 ∫ ΘD
T

0

ε4 eε

(eε −1)2 dε

+3R∑
i

Ai

(
ΘEi
T

)2
e

ΘEi
T(

e
ΘEi

T −1
)2 , ε =

Θ

T
, (1)

where β represents the electronic contribution to the specific
heat, and the small value can be neglected. R is the gas con-
stant, and n is the number of atoms in a unit cell. As shown
in Fig. 2(a), using Debye temperature ΘD = 219 K and Ein-
stein temperatures ΘE1 = 130 K and ΘE2 = 291 K, the calcu-
lated CP agrees well with our experimental data. The CP/T 3

vs. T plot, as shown in Fig. 2(b), reveals a boson-like peak

around 25 K, which is a signature typically associated with
glassy systems.[17,18]
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Fig. 2. (a) Heat capacities, CP, of RuSb2 fitted with one Debye and two
Einstein modes. The black circles are experimental values measured by
PPMS. Calculated heat specific from harmonic phonons, Cph,H, is shown
in purple solid line. The contributions of Debye and two Einstein modes
are denoted in orange dotted, blue dashed, and green dashed lines, respec-
tively. (b) CP/T 3 vs. T plot shows a hump peak for RuSb2 and FeSb2,[26]

demonstrating the necessity of the combined Debye–Einstein model in
the fitting.

To probe the origin of this anomaly, we perform another
method to analyze the specific heat quantitatively based on
the calculated phonon density-of-states (DOS), g(E). Cph,H is
the harmonic phonon contributions from the g(E) by the DFT
calculations[19,20]

Cph,H = T dSph/dT, (2)

Sph = 3kB

∫
dEg(E) [(n+1) ln(n+1)−n lnn] , (3)

where n = 1
exp[E/(kBT )]−1 .

As temperature increases, the Cph,H gradually deviates
from the experimental data, signaling the emergence of signif-
icant anharmonic effects. The thermal properties of these crys-
talline materials are different from positional disorder[21,22]

observed in glasses, but are associated with phonon soften-
ing or strong phonon–phonon interactions, often driven by
enhanced anharmonicity,[23–25] which are observed in molec-
ular crystals,[24] zintl-type Sr(Cu,Ag,Zn)Sb[16] and InSe,[20]

etc. Key thermodynamic parameters extracted from specific
heat measurements show the Einstein temperature, ΘE1 =
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130 K, of RuSb2 lies substantially below its Debye temper-
ature ΘD = 219 K. Crucially, the boson-like peak position
matches with the characteristic E1/T 3 crossover near 25 K for
RuSb2, strongly suggesting the existence of acoustic-optical
phonon interactions. A comparative analysis also reveals the
boson-like peak in FeSb2 but it occurs at a lower temperature
(∼ 20 K) and will be discussed with the Raman data later.

2.4. Raman spectroscopy

To analyze the phonon properties, we performed Raman
spectroscopy experiments and DFT calculations. After cali-
brating using normative Si film, we measured the Raman spec-
tra by unpolarized detection. Figure 3(a) depicts the Raman
spectrum for the single crystal RuSb2 from 5 K to 300 K. Four
Raman-active vibrational modes can be identified with shifts
ranging between 170 cm−1 and 220 cm−1, and there is no
structural phase transition. The Raman modes were numbered
as I to IV from lowest to highest wavenumber, 177.0 cm−1,
186.7 cm−1, 201.3 cm−1, and 219.8 cm−1 at 5 K, respectively.
While the intensity of mode I exhibits only moderate tempera-
ture dependence, the intensities of modes II, III, and IV display
substantial changes with increasing temperature. It is worth
noting that mode III is weak and vanishes around 275 K in
some orientation. All the Raman peaks redshift and broaden
as the temperature rises.

The angle dependence of the polarized Raman spectrum
was applied to investigate the vibration modes. Factor-group
analysis shows all optical vibration modes at the Brillouin
zone center as Γ = 2Ag + 2B1g +B2g +B3g + 2Au + 2B1u +

4B2u +4B3u with 6 Raman (R) active and 12 infrared (IR) ac-

tive modes. Among them, 2Ag, 2B1g, B2g, and B3g modes are
R active and the Raman tensors are

χ
(
Ag
)
=

 a 0 0
0 b 0
0 0 c

 , χ
(
B1g
)
=

 0 d 0
d 0 0
0 0 d

 ,

χ
(
B2g
)
=

 0 0 e
0 0 0
e 0 0

 , χ
(
B3g
)
=

 0 0 0
0 0 f
0 f 0

 , (4)

where a, b, c, d, e, and f represent the values of the tensor
elements. The Raman intensity is given quantitatively by

I ∝ |〈êi |χ| ês〉|2 , (5)

where êi and ês are the unit vectors of the polarized incident
and scattered light, respectively. The crystallographic orienta-
tion dependence is defined by the rotation angle θ between the
a-axis of the sample and the incident light propagation vec-
tor, as shown in Fig. 3(b). For the polarized Raman config-
uration: êi = ês = (cosθ ,sinθ ,0) with parallel polarization,
êi = (cosθ ,sinθ ,0) and ês = (−sinθ ,cosθ ,0) with cross-
polarization. Under different polarization configurations, the
angle dependence will be different and the periodical Raman
intensity is shown in Table 1. Only Ag and B1g modes are vis-
ible in the spectra when the incident light lies within the ab
plane, while B2g and B3g modes are forbidden.

Table 1. The angle dependence of Raman mode intensities with rotating
crystals in the parallel and cross-polarization configurations are given.

Ag B1g B2g B3g

Parallel (acos2 θ +bsin2
θ)2 d2 sin2 2θ 0 0

Cross 0.25(b−a)2 sin2 2θ d2 cos2 2θ 0 0
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The angle-dependent Raman measurements at 300 K
were performed to determine the symmetries of the observed
Raman modes. Figures 3(c) and 3(d) show the polarized Ra-
man spectra at different rotation angles θ = 0◦, 30◦, 60◦, and
90◦ under both parallel and cross-polarization configurations.
The mode III was barely detectable at 300 K due to the weak
intensity. The intensities of modes I, II, and IV exhibit an-
gular dependence. The intensities of mode IV are relatively
weak under the parallel configuration, while the intensities of
mode I are comparatively reduced under the cross-polarization
configuration.

To further confirm the observation of the angle-resolved
polarized Raman intensity, the Raman spectra of RuSb2 single
crystal were measured in both parallel and cross-polarization
configurations as the sample rotated from 0◦ to 180◦. Fig-
ures 3(e)–3(g) present the normalized polar plots of the fit-
ted peak intensities of these Raman modes as a function of
the sample rotation angle θ , excluding the mode III with
low intensity. For the parallel configuration, the intensities
of modes I and II present two-fold symmetry. Specifically,
their intensities reach a maximum at θ = 90◦and a minimum
at θ = 0◦ or 180◦. The intensity of the IV Raman mode ex-
hibits a four-fold periodicity with a period of 90◦, reaching
the maximum at θ = 45◦/135◦. On the other hand, in the
cross-configuration, the modes I and II show a four-fold pe-
riod of 90◦ with maximum intensities observed at θ = 45◦ and
135◦. It can be clearly seen that the intensities of modes I and
II are proportional to sin2 2θ , indicating that they belong to

Ag modes. The intensity of mode IV reaches its maximum at
θ = 0◦ or 90◦ and is forbidden at θ = 45◦ or 135◦, hence, the
mode III is B1g mode. Furthermore, by elimination, mode III
should be the B1g mode.

Several factors can contribute to changing the linewidth,
such as structural disorders, isotopic effects, anharmonic ef-
fects, electron–phonon interactions, etc.,[27] however, only an-
harmonic effects and electron–phonon interactions are likely
to introduce temperature dependence. Figure 4 illustrates the
temperature dependence of the energy and linewidth for those
four modes. Below 50 K, the linewidth and energy of Raman
peaks remain nearly constant; while above 50 K, both quan-
tities exhibit significant variation with increasing temperature.
Furthermore, the lattice constants remain constant until 50 K,
as shown in Fig. 1. Taking the anharmonic effects based on
three-phonon processes into account,[27–29] the experimental
data of FWHM and wave number are respectively fitted by

Γ (T ) = Γ0 +A
(

1+
2

ex−1

)
, (6)

ω (T ) = ω0−C
(

1+
2

ex−1

)
, (7)

where Γ0 includes intrinsic linewidth, structural disorder, iso-
topic effect, and temperature-independent electron–phonon
interaction contribution, A is the anharmonic constant, x =

}ω0/(2kBT ), ω0 is temperature-independent contributions,
and C is the anharmonic constant.
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Fig. 4. Temperature-dependence of the wave numbers and FWHMs of modes (a) I, (b) II, (c) III, and (d) IV in RuSb2.
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The phonon frequencies of the four modes fit well with
Eq. (7), which suggests that the phonon–phonon interac-
tions become more pronounced with increasing temperature,
accompanied by mode softening. Similar behavior, char-
acterized by narrower linewidths of Ag modes and weaker
electron–phonon coupling constants, has been discussed in
Ta(Nb)As2, which was induced by small electron–phonon
coupling.[30] For FeSb2, the anomalies were explained by
a change in the electron–phonon interaction.[31,32] At zero
temperature, phonon–phonon scattering is negligible due to
phonon freezing, and the phonon linewidths at this tem-
perature are primarily attributed to impurities and electron–
phonon interactions.[30] As the symmetric line shapes and
the linewidths at low temperatures are smaller than those of
FeSb2,[27] RuSb2 should not include strong electron–phonon
coupling. The stronger localization and electron correlation
effects associated with 3d electrons make FeSb2 more prone
to exhibiting significant electron–phonon coupling compared
to RuSb2 with 4d electrons. In conclusion, for RuSb2, the tem-
perature dependence of linewidth increases mainly due to the
phonon–phonon interactions, and the electron–phonon cou-
pling is weak.

The phonon lifetime, τ , can be calculated using τi =

1/(2πFWHMi),[33] and the results are presented in Fig. 5. The
phonon lifetimes of RuSb2 are distributed within the range of
4–9 ps at temperatures between 5 K and 300 K, comparable
to those reported for FeSb2,[27] a material known for its rela-
tively high thermal conductivity. As the temperature increases,
anharmonic effects cause the calculated τ to decrease, thereby
leading to the reduction of thermal conductivity.[9]
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Fig. 5. The lifetime, τ , of the Raman modes for RuSb2 and FeSb2
[27] as

a function of temperature.

2.5. Ab initio calculations

In order to determine the vibrating modes between the
ions, both acoustic and optical phonons were calculated. Fig-
ure 6(a) shows that the energy of soft optical phonons is com-
parable to that of the top acoustic phonons. The interaction
between the acoustic phonons and optical phonons is likely

responsible for the boson-like peak observed in RuSb2. Com-
pared to RuSb2, the lower position of the boson-like peak in
FeSb2 may be attributed to the lower energy crossing (interac-
tion) between acoustic and optical phonons. The maximum
energy of the acoustic phonons along the Γ –Z direction is
around 150 cm−1, corresponding to ΘD = 219 K extracted
from the measured specific heat.

The phonon DOS of RuSb2 and FeSb2
[34] are represented

in Fig. 6(b). Due to the heavier atomic mass of Ru com-
pared to Fe, the high-energy optical branches of RuSb2 soften.
In contrast, the acoustic and mid-energy optical branches are
hardened, resulting in stronger hybridization between the non-
localized Ru 4d orbitals and the Sb orbitals.[35]

Raman modes were analyzed based on DFT calculations.
The atomic vibration patterns and frequencies of Raman ac-
tive modes are shown in Fig. 6(c). Due to the Pnnm space
group with the Ru atom located at the center of inversion,
the vibrations involving Ru atoms are Raman inactive; and
Raman active modes originate only from the Sb atom vibra-
tions. Among Raman active modes, the B2g and B3g modes
exhibit vibrational motions along the c-axis, whereas the Ag

and B1g modes are characterized by vibrations within the ab-
plane. Modes I and II are both Ag modes; mode I primarily
vibrates along the a-axis, while mode II dominates the vibra-
tion along the b-axis. As shown in Fig. 4, mode II exhibits
a more significant change in FWHM than mode I. This differ-
ence is likely induced by the distinct vibrational characteristics
of each mode. The calculated Raman frequencies are in good
agreement with experimental measurements.
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Fig. 6. (a) Phonon dispersions for RuSb2, (b) DOSs for RuSb2 and
FeSb2.[34] (c) Schematic of the eigenvectors for the Raman active modes
in RuSb2. Blue circles in panel (a) represent experimentally observed
Raman mode energies at 5 K.

3. Experimental details
3.1. Neutron diffraction experiments

The variable temperature neutron powder diffraction
(NPD) data were performed on the time-of-flight (TOF) neu-
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tron diffractometer iMATERIA located at the Materials and
Life Science Experimental Facility, J-PARC, Tokai, Ibaraki,
Japan. A closed-cycle He-refrigerator was used to control the
sample environment over the temperature range of ∼ 2 K to
300 K. The NPD data were refined by the Rietveld method
with the program Z-Rietveld.

3.2. Raman experiments

The Raman scattering measurements were recorded in the
backscattering geometry with a 532-nm laser as an excitation
source (HORIBA J.Y.T64000) at High Magnetic Field Lab-
oratory (Hefei, China). Low temperature was maintained by
a closed-cycle He-cryostat (ST500) attached to the spectrome-
ter. A sample rotation stage was used to change the orientation
of the sample. All Raman measurements were performed on
this flat surface, which was determined to be ab plane by Laue
diffraction.

3.3. Specific heat measurement

The temperature dependence of specific heat was ob-
tained using a commercial physical property measurement
system (PPMS) with zero magnetic fields.

3.4. First-principles calculations

The ab initio calculations were performed in the frame-
work of density functional theory, as implemented in the Vi-
enna ab initio simulation package (VASP),[37,38] using the
projector-augmented wave[39] method. The r2SCAN meta-
GGA functional[40] was selected for its improved numerical
performance, and a plane-wave energy cutoff of 520 eV was
adopted. For the structural optimization, the k-point mesh
was chosen as 11× 11× 17. Phonon dispersion and related
physical quantities were calculated using the frozen phonon
method, implemented in the Phonopy code.[41,42] The 3×3×6
supercells with displacements were used in this procedure,
with an energy convergence criterion of 10−7 eV and a force
convergence accuracy of 10−5 eV/Å, considering only the Γ

point. Phonon vibration modes were visualized through the
TSS Physics website.

4. Conclusion
In summary, we compared the lattice and phonon dy-

namics properties of the isostructural homologues RuSb2 and
FeSb2, the latter of which has been previously reported. NPD
data show that the lattice thermal expansion is isotropic for
RuSb2, with linear thermal expansion coefficients smaller than
those of FeSb1.8. Those differences were attributed to the more
pronounced thermal expansion of the shorter Fe–Sb bond and
the Fe–Sb–Fe angles in FeSb1.8 compared to RuSb2. Boson-
like peaks related to the interaction between acoustic and op-

tical phonons were observed in both RuSb2 and FeSb2, how-
ever, FeSb2 shows a lower temperature boson peak (∼ 20 K)
than RuSb2 (∼ 25 K), which can be ascribed to a lower energy
crossing between acoustic and optical phonons. Four experi-
mentally observed Raman-active modes were identified using
polarized Raman spectroscopy and confirmed by DFT calcu-
lations. In temperature-dependent Raman scattering measure-
ments for RuSb2, we observed a significant broadening of the
Raman peak linewidth above 50 K, likely caused by phonon–
phonon interactions. At low temperatures, the linewidth of the
Raman peaks in FeSb2 is relatively larger than that in RuSb2,
which is likely due to stronger electron–phonon interactions
in FeSb2. These results reveal that the difference in the boson-
like peak positions between RuSb2 and FeSb2 originates from
variations in the energy crossing between acoustic and optical
phonons. This finding suggests that tuning the interaction be-
tween acoustic and optical phonons could serve as an effective
approach for controlling low-temperature phonon behavior in
related materials. Moreover, the spin dynamics will be mea-
sured by inelastic neutron scattering to discuss the MR effect
in the transition-metal magnetic oxides.[36]
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