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Tailoring Negative and Directional Thermal Expansion in

K,NiF4 Structured Materials

1. Introduction

While most materials expand when heated, certain functional
materials display the rare phenomenon of negative thermal
expansion (NTE), contracting instead over specific temperature
ranges. This unique behavior is vital for mitigating thermal stress
in electronics and optics by enabling composite designs with
tailored thermal responses [1]. Among various families, layered
and quasi-2D systems like the Ruddlesden-Popper (RP) series
have drawn special interest due to their structural and chemical
flexibilities. CazRuQs4, a notable Ko>NiFs-structured material,
exemplifies this with its strong uniaxial NTE linked to a metal-
to-insulator transition (MIT) near 357K [2,3], driven by
complex lattice distortions and phase transitions. In its insulating
phase, it shows colossal positive and negative thermal
expansions along the crystallographic ¢ and b axes,
respectively, in a sintered body achieving record volumetric
NTE (6.7 %) around room temperature for lead-free RP
perovskites [2]. To the best of our knowledge, this represents the
strongest volumetric NTE around room temperature reported to
date among both the Ruddlesden—Popper (RP) perovskite family
[3-7] and lead-free materials. These effects stem from the
interplay of structural anisotropy, microstructural voids, and the
cooperative motion of RuOs octahedra.

Despite extensive experimental insights, the microscopic origin
of NTE in CaRuOs remains unclear, particularly the role of
anharmonic lattice dynamics and octahedral distortions near the
MIT. Conventional quasi-harmonic models fall short for such
strongly anharmonic systems. To address this, we employ
molecular dynamics (MD) [8-10] combined with an anharmonic

model [11-13] and Griineisen theory [14-15] to capture finite-

W EER o a~T VTV W —7
Hena Das (74 &)

temperature lattice dynamics and mode evolution. By tracking
temperature-dependent phonon properties and octahedral
distortions, we reveal how cooperative lattice modes drive
directional NTE and phase transitions. This approach highlights
the crucial link between lattice anharmonicity and correlated
electronic behavior, providing a pathway for tailoring negative

and directional thermal expansion in K:NiFs-type oxides for

advanced thermal management and tunable quantum phases.
2. Results and Discussions
2.1 Ca:RuOs:

Uniaxial NTE studied using MD

simulations

Although the ab-initio molecular dynamics (AIMD) simulations
based on the GGA+U method and excluding Spin-Orbit
Coupling (SOC) overestimate the phase transition temperature,
they successfully reproduce several key features of the
temperature-driven structural transition, nature of thermal
expansion and electronic phase transitions in CaRuOa, as
summarized in Fig. 1. Key observations are the following: the
results show a first-order structural anomaly between 500 - 600
K, as shown in Fig. la. Notably, this transition is symmetry-
preserving, meaning the space group symmetry remains
unchanged to Pbca across the transition, consistent with
experimental observations [2-3]. The system exhibits a
discontinuous change in the lattice parameters, MIT and the
coefficient of thermal expansion (CTE) capturing the uniaxial
NTE along the crystallographic b-axis (i.e. a._b<0) below the
phase transition. Above the phase transition, thermal expansion

in the ab-plane is negligible, while it is positive along the c-axis.
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Figure 2 (a ) Temperature-dependent evolution of lattice parameters obtained from AIMD simulations and experiments (Ref. 3). The upper and lower
panel illustrate the modulation of the in-plane (ab-plane) and out-of-plane (c-axis) lattice vector lengths, respectively, with increasing temperature.
Experimentally and AIMD determined phase transition temperatures are denoted as Tur|**"" and Tyur|*™P, respectively. (b ) — (d ) Distortion patterns
of the normal modes that stabilize the Pbca phase. RuOg octahedral rotation (Qg around c-axis) and tilt (Q anti-phase rotation around ab-axis)
distortions transform according to the irreducible representations (IRs) X3 and X% of the 14/mmm phase, respectively. The anti-polar distortion of
Ca?" ions along b-axis (Qup associated with M7) is indicated by yellow arrows. ( e ) Variation of the amplitude of the primary modes, Qg, Qr and
anti-polar movement of Ca* ions, obtained from the AIMD run. ( ) shows how the Ru — O bond lengths fluctuate with temperature along octahedral
local x, y and z axes. ( g ) Variation of 8Q, = %(262 — 8x — 8y) (where 6x, 8y and &z denote Ru-O bond-lengths along the x, y and z-

directions, repectively) as a function of Qg and Q.

At low temperature, RuOs octahedra exhibit cooperative

a b c . . . . s
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Figure 1 (a ) — (¢ ), calculated macroscopic Griineisen parameters temperatures. A notable structural signature is the inversion of

corresponding to the deformation which arises from the strain applied the tetragonal distortion (8Q,e,) near 550 K (Fig. 1), reflecting

along the a-, b-and c- axes, using QHA and MD simulations. We used a reordering of orbital energies driven by local bond

harmonic phonon calculations and the normal-mode-decomposition reconfigurations. GGA+U calculations demonstrate that this

technique to characterize phonon quasiparticles and comput€ sign change arises not from tilt or rotation alone but from their

anharmonic free energy and the temperature-dependent macroscopic nonlinear coupling (see Fig. 1g), which governs both anti-polar

Griineisen parameters. ( d ) — ( f') subsequently, the calculated coefficient Ca shifts and orbital rearrangement. This coupling mechanism is

of thermal expansion (CTE) over 0 <T <500 K, using three crucial for stabilizing the low temperature insulating phase and

techniques. offers a route to tune the metal-insulator transition by



controlling Qg and Qy through strain, doping, or pressure.

2.2 CaRuOs: Temperature-dependent phonon

renormalization and its effect on thermal expansion

By employing the normal-mode decomposition technique [13],
we computed phonon quasi-particle (QP) frequencies and
subsequently derived the temperature-dependent macroscopic
Griineisen parameters and CTEs, following equation given
below,
@=FESane  (Lk=123) Q)

Where, vy represents macroscopic Griineisen parameters
corresponding to the deformation which arises from the strain
applied along the a- , b- and c- axes, i.e. Y1 =Va, Y2 = Vb
and y3 =Y. Vp denotes the volume of the primitive cell, Cy
denotes specific heat and S represents compliance tensor.
Figure 2 shows a comparative analysis between the results
obtained from Quasi harmonic approximation (QHA) and the
normal-mode decomposition technique which considers the
temperature evolution of phonon frequencies. Even though QHA
also exhibit NTE along b-axis, due to the presence of strong
negative off-diagonal components in the compliance tensor S

(as shown in Table 1), as was observed in other RP oxides [16-

17],
a b

( )6,2 . ( ) 1.5

6 4798 [
5~ ©°f 1 1.2+ ok V
g2 ) ‘bR § Y
g —. 5.8 1 C_ :’ 0.9}¢ [¢]
o £ oy - g =
O @56 1 1 |l Snal ]
£5 j\":—,_L_HHW b at*&i i) 08
3= 540" 1 b (-\T 0.3}

5.2} 1o

200 400 600 800
Temperature (K )

200 400 600 800 1000
Temperature (K )

Figure 3 (a ) Temperature-dependent evolution of lattice parameters
obtained from MD simulations for the orthorhombic ( O) and the

monoclinic (M) phase. (b) Temperature-dependent evolution of volume.

the inclusion of temperature dependence of phonon frequencies
shows better agreement with MD results. A key outcome of this
analysis is the strong temperature dependence of the Griineisen
parameter along the b-axis. While values remain positive at

lower temperatures, a noticeable decrease sets in above 300 K,

eventually reaching strongly negative values as the system
approaches the structural and electronic phase transition
temperature. This behavior indicates a dominant contribution of
anharmonic phonons along the b -axis. In contrast, the

Griineisen parameters along the a- and c-axes remain relatively

Sii (103 GPa) Sij (102 GPa)

S11 S22 S33 S12 S13 S23
16.9 14.5 7.1 -10.0 -2.9 -2.7

Table 1 The components of the compliance tensor S contributing to
thermal expansion were calculated for the orthorhombic Pbca phase, as

listed here.
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Figure 4 Temperature-dependent evolution of lattice parameters

obtained from MD simulations for the polar CasRu207 ( a ) and non-polar

CaRuOs3 ( b ) systems.

unchanged with respect to their QHA counterparts. We identified
several Raman-active modes, having By, Byg and Bjg
symmetries, show strong negative contributions. Although
octahedral tilt distortions contribute significantly to the observed
NTE, the behavior cannot be strictly categorized under rigid unit
modes (RUMs), as the octahedral units themselves undergo
shape changes rather than remaining rigid. Additionally, anti-
polar distortions play a crucial role in the thermal response,
indicating that both octahedral distortions and anti-polar
displacements must be considered together. This highlights the
complex interplay between different structural distortions in

driving NTE behavior.

2.3 Ca2RuOg4: Monoclinic phase



A monoclinic phase of Ca:RuOs4 with P2;/c space group
symmetry was identified at room temperature using electron

diffraction, X-ray absorption fine structure (XAFS), and

oxides increases with layer thickness, while thermal expansion
anisotropy decreases, consistent with trends observed in similar
RP systems [4-7]. The polar compound Ca3;Rux0O7 exhibits

pronounced anisotropic thermal expansion similar to CazRuO4
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Figure 5 Temperature-dependent evolution of lattice parameters obtained from MD simulations for the Ca2MO4 (M = Transition metal) RP

oxides.

synchrotron X-ray pair distribution function (PDF) techniques
[3]. To understand its thermal behavior, molecular dynamics
(MD) simulations were performed considering this monoclinic
structure. The simulations yielded results that closely resemble
those obtained for the orthorhombic phase, as illustrated in Fig.
3a. This similarity suggests that the weak monoclinic distortion
does not significantly affect the proposed mechanism of uniaxial
negative thermal expansion (NTE) in CazRuOa.

Although MD simulations indicated an overall positive
volumetric thermal expansion (Fig. 3b), in contrast to the ~ 1 %
(31,

discrepancy is minor. The simulated expansion is modest ( ~

crystallographic NTE observed experimentally the
1 %) and appears sensitive to subtle anisotropic expansion along
different crystallographic directions. Thus, fine-tuning the

anisotropic thermal response may reconcile the observed and

simulated behaviors.

2.4 Ca;RuO4: Impact of layer thickness

As illustrated in Fig. 4, the phase transition temperature in RP

and is anticipated to undergo a MIT at elevated temperature. The
end member CaRuOs displays negligible thermal expansion
along the c-axis and strong anisotropy in the ab plane. These
observations suggest that the in-plane (ab) lattice parameters are
expected to critically influence the volumetric thermal expansion
of CaRuOs perovskite. Thus, precise control of in-plane lattice
dimensions may offer a route to modulate the thermal expansion

properties of these systems.

2.5 Predicted thermal expansion in Ca:MOs4 (M =

Transition metal) RP oxides

We observed the structural stabilization of several RP oxides in
the orthorhombic Pbca phase. While a subset of these materials
has been experimentally examined [3-7] for their thermal
expansion behavior, a significant number remain unexplored,
representing an opportunity for further investigation.

As illustrated in Fig. 5, RP oxides incorporating 4d and 5d
transition metals demonstrate promising anisotropic thermal

expansion behavior, with several compounds exhibiting uniaxial



NTE. This behavior is similar to that observed in Ca:RuOa.
Notably, late 4 d/5d RP oxides emerge as particularly
compelling, they retain the characteristic anisotropy and NTE
seen in Ca2RuOs but are predicted to undergo metal-insulator
transitions (MIT) at higher temperatures. This shift in transition
temperature could broaden the applicability of these materials in
high-temperature or thermally demanding environments.
Among these, Ca2MoOs also stands out due to its negligible
thermal expansion along all three crystallographic axes,
suggesting a near-zero volumetric expansion over a broad
temperature range. Such behavior is rare and valuable for
applications requiring dimensional stability.

Overall, these observations underscore the potential of 4d/5d
RP oxides as a fertile ground for discovering new NTE materials
and gaining insight into structure—property relationships. Further
detailed studies, both experimental and theoretical, are essential
to understand the thermal responses and to harness their

properties for functional applications [18-24].

3. Conclusions

Our MD simulations reveal a symmetry-preserving, first-order
structural transition in Ca;RuQOs, marked by abrupt lattice
distortions and a striking reversal in thermal expansion behavior,
coinciding with the MIT. This transition is driven by
temperature-induced lattice dynamics, where coordinated
octahedral tilts, rotations, and A-site anti-polar displacements
lead to distortions in the RuOs octahedra, establishing a direct
link between structural fluctuations and the electronic phase
change. At low temperatures, uniaxial NTE arises from strong
elastic anisotropy. In contrast, near the MIT, NTE originates
from low-frequency (0—10 THz) Raman-active phonon modes
with highly negative Griineisen parameters. Importantly,
although octahedral tilts play a central role, the distortions are
not rigid-body in nature, excluding classification as rigid unit
modes (RUMs); instead, they involve intrinsic shape
deformations of the octahedra. Building on these insights from
CazRuO4, we extended our investigation to other transition metal

oxides and identified promising candidates that are likely to

exhibit uniaxial NTE and colossal volumetric thermal expansion.

[References]

1. K. Takenaka, Sci. Technol. Adv. Mater. 13, 013001 (2012).

2. K. Takenaka, Y. Okamoto, T. Shinoda, N. Katayama and Y.
Sakai, Nat. Commun. 8, 14102 (2017).

3.L. Hu, Y. Zhu, Y.-W. Fang, M. Fukuda, T. Nishikubo, Z. Pan,
Y. Sakai, S. Kawaguchi, H. Das, A. Machida, T. Watanuki, S.
Mori, K. Takenaka and M. Azuma, Chem. Mater. 33, 7665-
7674 (2021).

4. M.S. Senn, A. Bombardi, C. A. Murray, C. Vecchini, A.
Scherillo, X. Luo, and S. W. Cheong, Phys. Rev. Lett. 114,
035701 (2015).

5. C. Ablitt, S. Craddock, M. S. Senn, A. A. Mostofi and N. C.
Bristowe, npj Comput. Mater. 3, 44 (2017).

6. N. Z. Koocher, A. B. Altman, R. A. Klein, C. D. Malliakas, S.
D. Jacobsen, D. E. Freedman, J. M. Rondinelli, Inorg. Chem. 64,
10761-10771 (2025).

7. C. Ablitt, A. A. Mostofi, N. C. Bristowe, and M. S. Senn, Front.
Chem. 6, 455 (2018).

8. H. C. Andersen, J. Chem. Phys. 72, 2384 (1980).

9. M. Parrinello and A. Rahman, Phys. Rev. Lett. 45, 1196 (1980).
10. M. Parrinello and A. Rahman, J. Appl. Phys. 52, 7182 (1981).
11. A. McGaughey, Annu. Rev. Heat Transf. 49—-87 (2013).

12. T. Sun, D.-Bo Zhang, R. M. Wentzcovitch, Phys. Rev. B 89,
094109 (2014).

13. A. Carreras, A. Togo, I. Tanaka, Computer Physics
Communications 221, 221-234 (2017).

14. E. Griineisen, Ann. Phys. (Berlin, Ger.) 344, 257 (1912).

15. T. H. K. Barron and R. W. Munn, Philos. Mag. 15, 85 (1967).
16. E. T. Ritz and N. A. Benedek, Phys. Rev. Lett. 121, 255901
(2018).

17. C. Ablitt, H. McCay, S. Craddock, L. Cooper, E. Reynolds,
A. A. Mostofi, N. C. Bristowe, C. A. Murray, and M. S. Senn,
Chem. Mater. 32, 605 (2020).

18. B. R. Mullaney, L. Goux-Capes, D. J. Price, G. Chastanet, J.-
F. Létard and C. J. Kepert, Nat. Commun. 8, 1053 (2017).

19. L. Zhang, J. Chen, L. Fan, O. Diéguez, J. Cao, Z. Pan, Y.


https://journals.aps.org/search/field/author/M%20S%20Senn
https://journals.aps.org/search/field/author/A%20Bombardi
https://journals.aps.org/search/field/author/C%20A%20Murray
https://journals.aps.org/search/field/author/C%20Vecchini
https://journals.aps.org/search/field/author/A%20Scherillo
https://journals.aps.org/search/field/author/A%20Scherillo
https://journals.aps.org/search/field/author/X%20Luo
https://journals.aps.org/search/field/author/S%20W%20Cheong
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+L&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+J&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Fan+L&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Di%C3%A9guez+O&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Cao+J&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Pan+Z&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+Y&cauthor_id=30072536

Wang, J. Wang, M. Kim, S. Deng, J. Wang, H. Wang, J. Deng, R.
Yu, J. F Scott, X. Xing, Science 361, 494 (2018).

20. X. G. Zheng, H. Kubozono, H. Yamada, K. Kato, Y.
Ishiwata, C. N. Xu, Nat. Nanotech. 3, 724726 (2008).

21. H. Yamamoto, T. Imai, Y. Sakai, and M. Azuma, Angew.
Chem. Inter. Ed. 57, 8170-8173 (2018).

22. M. Azuma, W.-tin Chen, H. seki, M. Czapski, S. olga, K. oka,
M. mizumaki, T. Ishimatsu, N. Kawamura, S. Ishiwata, M. G.
Tucker, Y. Shimakawa and J. Paul Attfield, Nat. Commun. 2, 347
(2011). Watanuki, N.

23.J. Liao, M. Wang, F. Lin, Z. Han, B. Fu, D. Tu, X. Chen, B.
Qiu and H.-R. Wen, Nat. Commun. 13, 2090 (2022).

24. B. Qiu, Y. Zhou, H. Liang, M. Zhang, K. Gu, T. Zeng, Z.
Zhou, W. Wen, P. Miao, L. He, Y. Xiao, S. Burke, Z. Liu, Y.
Shirley Meng, Nature 640, 941-946 (2025).


https://pubmed.ncbi.nlm.nih.gov/?term=Wang+Y&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+J&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Kim+M&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Deng+S&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+J&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+H&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Deng+J&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Yu+R&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Yu+R&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Scott+JF&cauthor_id=30072536
https://pubmed.ncbi.nlm.nih.gov/?term=Xing+X&cauthor_id=30072536
https://tohoku.elsevierpure.com/en/persons/xu-guang-zheng
https://tohoku.elsevierpure.com/en/persons/chao-nan-xu
https://pubmed.ncbi.nlm.nih.gov/?term=Qiu+B&cauthor_id=40240602
https://pubmed.ncbi.nlm.nih.gov/?term=Zhou+Y&cauthor_id=40240602
https://pubmed.ncbi.nlm.nih.gov/?term=Liang+H&cauthor_id=40240602
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+M&cauthor_id=40240602
https://pubmed.ncbi.nlm.nih.gov/?term=Gu+K&cauthor_id=40240602
https://pubmed.ncbi.nlm.nih.gov/?term=Zeng+T&cauthor_id=40240602
https://pubmed.ncbi.nlm.nih.gov/?term=Zhou+Z&cauthor_id=40240602
https://pubmed.ncbi.nlm.nih.gov/?term=Zhou+Z&cauthor_id=40240602
https://pubmed.ncbi.nlm.nih.gov/?term=Wen+W&cauthor_id=40240602
https://pubmed.ncbi.nlm.nih.gov/?term=Miao+P&cauthor_id=40240602
https://pubmed.ncbi.nlm.nih.gov/?term=He+L&cauthor_id=40240602
https://pubmed.ncbi.nlm.nih.gov/?term=Xiao+Y&cauthor_id=40240602
https://pubmed.ncbi.nlm.nih.gov/?term=Burke+S&cauthor_id=40240602
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+Z&cauthor_id=40240602
https://pubmed.ncbi.nlm.nih.gov/?term=Meng+YS&cauthor_id=40240602
https://pubmed.ncbi.nlm.nih.gov/?term=Meng+YS&cauthor_id=40240602

(GEF'9 Expansion Alloy via In Situ Precipitation of Copper
(R te®) Networks,” Adv. Sci. 2404838 (2024). [IF:15.1]

1. S. Kaneko, T. Tokumasu, M. Yasui, M. Kurouchi, D. 9. K. Ozawa, Y. Nagase, M. Katsumata, K. Shigematsu, and
Shiojiri, S. Yasuhara, S.K. Sahoo, M.M. Can, R.S. Yu, K. M. Azuma, “Single or Vortex Ferroelectric and
Sardar, M. Yoshimura, M. Azuma, A. Matsuda, and M. Ferromagnetic Domain Nanodot Array of Magnetoelectric
Yoshimoto, “Crystal orientation of epitaxial film deposited BiFe0.9C00.103,” ACS Appl. Mater. Interfaces 16(16),
on silicon surface,” Sci. Rep. 14(1), 10891 (2024) [IF:3.8] 20930-20936 (2024). [IF:8.3]

2. H.Zhong, Y. Song, F. Long, H. Lu, M. Ai, T. Li, Y. Yao, Y. 10. H. Yamamoto, T. Nishikubo, S. Kobayashi, K. Takahashi,
Sakai, M. Tkeda, K. Takahashi, M. Azuma, F. Hu, X. Xing, M. Azuma, S. Kawaguchi, and T. Abukawa, “ZnVOs: an
and J. Chen, “Design of Excellent Mechanical ilmenite-type vanadium oxide hosting robust V-V
Performances and Magnetic Refrigeration via In Situ dimers,” Dalton Trans. 53(39), 16195-16201 (2024).
Forming Dual-Phase Alloys,” Adv. Mater. 36(27), [1F:3.5]

2402046 (2024). [IF:27.4] 11. Zhao Pan, Sergey A Nikolaev, Jie Zhang, Maocai Pi,

3. T. Ohmi, J.R. Neilson, W. Taniguchi, T. Fukui, T. Nagase, Mengqi Ye, Qiumin Liu, Xubin Ye, Xiao Wang, Takumi
Y. Haruta, M.I. Saidaminov, T. Fukushima, M. Azuma, Nishikubo, Shogo Kawaguchi, Masaki Azuma, Youwen
and T. Yamamoto, “FA4Pb2l75(SCN)o.s: n = 3 Member of Long, “Z Extend the scope of negative thermal expansion
Perovskite Homologous Series FAn+1Pbn-1135-1.5(SCN)o.s in PbTiO3-based perovskites” Appl. Phys. Lett. 126(7),
with Columnar Defects,” ACS Materials Lett. 6(5), 1913— 071901 (2024). [IF:3.5]

1919 (2024). [1F:11.4] 12. Wei-tin Chen, Takumi Nishikubo, Yuki Sakai, Hena Das,

4. K. Lee, H. Das, Y. Sakai, T. Nishikubo, K. Shigematsu, D. Masayuki Fukuda, Zhao Pan, Naoki Ishimatsu, Masaichiro
Ono, T. Koike, N. Kawamura, M. Mizumaki, N. Mizumaki, Nomi Kawamura, Saori I Kawaguchi, Olga
Ishimatsu, and M. Azuma, “High-spin Co*" as a trigger of Smirnova, Mathew G Tucker, Tetsu Watanuki, Akihiko
weak ferromagnetism in Co-substituted BiFeOs,”  Phys. Machida, Shigehiro Takajo, Yoshiya Uwatoko, Yuichi
Rev. B 110(2), 024422 (2024). [IF:3.2] Shimakawa, Mikio Takano, Masaki Azuma, J Paul

5. T. Yamaguchi, M. Furo, Y. Sakai, T. Nishikubo, H. Hojo, Attfield, “Pressure-induced charge amorphisation in

M. Azuma, K. Oka, D. Mori, Y. Inaguma, M. Mizumaki, BiNiO3” Nat. Commun. 16(1) 2128 (2025) [IF:14.7]
K. Yamamoto, J. Kunes$, T. Mizokawa, and A. Hariki, 13. Qiumin Liu, Takumi Nishikubo, Kazuki Takahashi, Seiho
“Mechanism of intermetallic charge transfer and bond Higashi, Yusuke Shibata, Jun Miyake, Kano Hatayama,
disproportionation in BiNiO3 and PbNiO3 revealed by Yuki Sakai, Teppei Nagase, Koki Matsushima, Runze Yu,
hard x-ray photoemission spectroscopy,” Phys. Rev. B Takafumi Yamamoto, Masaki Azuma “Colossal Thermal
109(20), 205131 (2024). [1F:3.2] Expansion in Ca-Substituted PbCrOs” Chem. Mater.

6. Z.Pan,Z. Liang, X. Wang, Y.-W. Fang, X. Ye, Z. Liu, T. (2025) [IF:7.2]

Nishikubo, Y. Sakai, X. Shen, Q. Liu, S. Kawaguchi, F.

Zhan, L. Fan, Y.-Y. Wang, C.-Y. Ma, X. Jiang, Z. Lin, R. [#afi]

Yu, X. Xing, M. Azuma, and Y. Long, “Mixed anion 1. T. Nishikubo, “Design and domain structure observation
control of enhanced negative thermal expansion in the of phase-transition-type negative thermal expansion
oxysulfide of PbTiOs,” Mater. Horiz., (2024). [IF:12.2] material”, SPring-8 Research Frontiers 2023, 66-67

7. T.Koike, H. Das, K. Oka, Y. Kusano, F. Cubillas, F.B. (2024)

Bojorgez, V.E. Alvarez-Montano, S. Ito, K. Shigematsu, 2. PEALR IE, “HH ez B LU= AEMERME D% A4
H. Togano, I. Yamada, H. Ishibashi, Y. Kubota, S. Mori, N. ROREAM - ¥ R%FE”, SPring-8/SACLA FIJH # 1
Kimizuka, and M. Azuma, “Pressure-Induced YbFe2O4- 29(4), 293-297 (2024)
Type to Spinel Structural Change of InGaMgOs,” Solids
5(3), 422433 (2024). [IF:2.4]
8. M.AL Y. Song, F. Long, Y. Zhang, K. An, D. Yu, Y. Chen, [E4£:]
Y. Sakai, M. Ikeda, K. Takahashi, M. Azuma, N. Shi, C. YIS
Zhou, and J. Chen, “Significantly Promoting the Thermal
Conductivity and Machinability of Negative Thermal [ DEA%E ]



1. b Al &)1 #K, Lee Koomok, Z3: 5, &1
B, BN B, B\ E R IR

B HE HSQ &~ A 7 (T 7z BiFeo9Co0.103 7
J Ry hOfER
By R IG A 2 2024 SEERFFER S 2024/5/22 L
TERFTTNTER v AR FEME

2. @t M, IR RER, TEACER R, SR OIEA
BiCoOs Z REME L L7 ik FEen S B aRAEL D 525
By R IG A 2 2024 SEERFFER S 2024/5/22 L
TERFTTNTER v AR FEME

30 AR IR, BERE ZFR, WEIE MERS, ROIER
TENT 7 ARIEREE V7 ABZIRWE BiNi-
FexO3 DGR ORIPE, BhEIRLEE 35 oD il )
B ARIG B2 2024 FFEEETF RS 2024/522 H
TERFTTNTER v AR FEME

4. FER £ RBPRB R ER
BiFeosCo0.103 D & v » 7 FERFEMIZ L5 50
EAN e Y (3 da
5 41 [FIRFE TR R 2024/6/13 AT E RSN L=

CHL#p)

5. Kei Shigematsu, Masaki Azuma
Domain Observation and Magnetic Reversal by Electric
Field in Cobalt-substituted Bismuth Ferrite Thin Films and
Nanodots
The 16th Japan-China Symposium on Ferroelectric
Materials and Their Applications (JCFMA-16) 2024/7/19
Matsue Tersa Hall, Matsue, Shimane

6. Masaki Azuma
Ferroelectric and Magnetic Domain Structure Control in
Co substituted BiFeO3 Thin Films
The 15th APCTP Workshop on Multiferroics 2024/8/24
Seoul National University

7. VAR I
WIEFER IR 3 2 ABNZEWE ORGHE £ D A
= X DS
2024 FE HEIEMIENIIES, LA ES SR
Jez 2024/9/4 SUHIRZFAFHEF v /32

8. WHALE IE
TR & Bl U 7= BB R D% 4 IR, WS

SPring-8 ¥ AR I 2024 2024/9/6 JUIN KR AR ZH
[ERE S %
9. JIVE M (LR BER, WO ®BE, Ml ZRE,
BOIEM, AR ST
Sr-Fe Z 0 7 A A NBEMIZBIT D MRZ 7T ¢
> 7 OGS ORE5rE] XRD JIE
AAET Iy 7 Apa HITEKFESURI T A
2024/9/10 4 d @K
10. KA #mth, B0 #, R 8058, 1 IER, LR B
X
KRNI S S G-I ANA 7Y » RXm T2 h
A MEAE PR FAnPba-ilsn-1.5(SCN)o.s DAk

HAETZ Iy Ama HI3TEKFES VRV T A
2024/9/11 4B K

11, W35 il KA #ath, 30 ER, (LR FEC
mESRIEE AW G- BN 7Y e TR
A b OFHUEETESR
BAREZ I v Rga HI3TEKFE VR T T A
2024/9/12 4 d B K

12. A1 i, KW, SFOER, AR
(110)p MK~ 1 7 24 bk FA4Pbal7.s(SCN)os |23
F BT =g EH B
BAREZ I v Rga HI3TEKFE VR T T A
2024/9/11 4 HEKY:

13. 4@ B4, AR IE, B E, Bs I8, R OER
A Rt A AV Lot R ERRIZ L D BiNiOs &
BEEIRR B O B VEIREE 45
AAtET Iy 7 Ampa H3TEKEFEV VR T L
2024/9/12 4R AR

14. 2 ER, BAK I, B EM
Ca &2 PbCrOs D EKEMEIRE AARET I v 7 Aths
W37 EIRKER S VAR T T L 2024/9/10 4l RKRF

15. PEALR I, FERE 2RI, JBH BERS, ROIER
T v R X 2 ABNEEYE BiNikFe0s D7
EVT 7 ARTERRO T S OPARL - DA R, FFEAf
AAtET Iy 7 Ama H3TEKEFEV VRV T L
2024/9/12 4R AR

16. &G —8f, B HER, FEALR I, R OIER
BiCoOs & R & U 7= i FIEsn & BRI B B
AAtET Iy 7 Ama H3TEKEFEV VRV T L
2024/9/12 4R R

17. Ve M, KT B, BRIR BEAY, Sk 2 v

Dk T, TEHE HERS, SROIERT, 1A FESC
IRF DT WERK AL O B G R & W MEREAT
AAtET Iy 7 Ama HI3TEKEV VRV T L
2024/9/12 4 BKRF

18. I fEM, WEAMR IE, I ER
A EM B BiNiMnOs (2315 5 Mn OffigkZ 1t
AAtET Iy Ama HI3TEKEFEV VR T L
2024/9/12 4 BKRF

19. /N WK, Hena Das, [ #F &, ®BF £5L, B

5, Fernando Cubillas, Francisco Brown, H IEA
JEJIFHHELIZ KD YbFer04 BN 5 R B R U IE~D
InGaMgOs DREE AL,

BAEZ I v 7 Ahe H37EKEV VR T T A
2024/9/12 & BRE

20. EWE BROF, VEALR IE, ER E, R OER, LARK:

B’

MF AN F A DSRF LTI2@R a7 20 A B
UL O G R & Wy ETA
HARME 2 85 79 BI4ERRS 2024/9/16 ALiE K

=

21, =%, JmLEERr, VEALRIE, BOOER
A, B YA hEMEEHLIZ X 5 BiFeOs DA BIEIEL



HAMEE S-S 56 79 [BISERRE 2024/9/16 AbifE K

=

22, JEl R, NEFORHE, EAL E, T4E % B E
B7, ® IER Ca, Ru FMEEHLZ X 5 BiFeOs O ¥
¥ b2 =7 gimmtE b

AAYER 2 879 [EHFRRRE 2024/9/16 AbyE K

=

23. Z=E(#8, Das Hena, (HFHHERS, FEALRIE, B,
INBPARAE, JNHRIR, ATE S, AKBUS B, AR
ELAS, A

BEAE Y CoERHIT L D BiFeOs D55 MBEMEREF D F
B
AARMEEE2 5F 79 [BI4ERRE 2024/9/16 JbifEE K

=

24, TEAMR I, I HERS, SRR
BT =7 v KRBT~ 7 2 A b BiNii-
FesOn.8 D B 70 FEATRRFF

HAWE RS 55 79 RISEROCE 2024/9/18 JEHRE R

2

25. Jie Chen, Kei Shigematsu, Masaki Azuma

Growth and Characterization of Epitaxial Co-Substituted
Bismuth Ferrite Thin Film on Silicon Substrate

5 85 S B R R AGIES 2024917 RE
A vt (HHR)

26. Hl Al &)1 ¥R, Lee Koomok, g iz, B
i, & B, It BN IR, Bk B R
IEAS

B HSQ %~ A 7 (2 7z BiFe9Co0.103 7
J Ky hofERL (2)
5 85 S B R 2K AGIES 2024917 KE
At GHiR)

27. 3R IEA
BB BZIRYE DS
1 EREEMERFTE S 2024/9/21 4 iR K FAIE T
FHESWEA—T 4 MU T Ak —L

28. Kei Shigematsu, Masaki Azuma
Single or Vortex Ferroelectric and Ferromagnetic Domain
Nanodot Array of Magnetoelectric BiFeo.9C00.103
The 4th International Symposium on Design &
Engineering by Joint Inverse Innovation for Materials
Architecture 2024/10/3 #fiZZ<3fE 7 B Main Hall GIT#)

29. Takuya Ohmi, Wataru Taniguchi, Teppei Nagase,

Masaki Azuma, Takafumi Yamamoto
Synthesis of Organic-Inorganic Hybrid Perovskite
Homologous Series FAn+1Pbn-1I3n-1.5(SCN)o.s with Defect-
Ordering The Fourteenth International Conference on the
Science and Technology for Advanced Ceramics
(STAC14) 2024/10/8 HFFRFRFFTITTFHEF v~
INA

30. Koki Matsushima, Takuya Ohmi, Masaki Azuma,
Takafumi Yamamoto

Exploration of Novel Organic-Inorganic Hybrid

Perovskite Using High-Pressure Synthesis
The Fourteenth International Conference on the Science
and Technology for Advanced Ceramics (STAC14)
2024/10/8 FRFHERFTFNTHF v /3R
31. Teppei Nagase, Takumi Nishikubo, Kei Shigematsu,
Masaki Azuma, and Takafumi Yamamoto
Synthesis, characterization, and physical property of iron-
based perovskite oxide with cation ordering along [111]
direction
The Fourteenth International Conference on the Science
and Technology for Advanced Ceramics (STAC14)
2024/10/8 FHBFRZFETTNT B ¥ /32
32. MR WA, R EROF, WAL R, B EE R E
R, A RS
Control of anion ordering in oxyhydrides under high
pressure
The Fourteenth International Conference on the Science
and Technology for Advanced Ceramics (STAC14)
2024/10/8 FURFHERFETFNTHF v /3R
33. Hajime Nakayama, Koomok Lee, Satoru Kaneko,
Manabu Yasui, Masahito Kurouchi, Kei Shigematsu, and
Masaki Azuma
Fabrication of high-quality multiferroic BiFe.9C00.103
nanodot array with electron-beam-lithographed HSQ mask
The Fourteenth International Conference on the Science
and Technology for Advanced Ceramics (STAC14)
2024/10/8 FURFHERFET T T HF v /3R
34, =% W, il R, WAL E, K’ OIEM
Negative thermal expansion in A, B-sites substituted
BiFeOs.
The Fourteenth International Conference on the Science
and Technology for Advanced Ceramics (STAC14)
2024/10/8 FHBFRZFTTNT B ¥ 32
35. PSR JRA, RN RO, HR WAy, EAR 22 78
OB I, TEF MRS, TROIERS, IR PR
Single crystal growth and characterization of vanadate
oxyhydrides
The Fourteenth International Conference on the Science
and Technology for Advanced Ceramics (STAC14)
2024/10/8 FHBFRZFTTNTHF ¥ /32
36. /L WK, Hena Das, [f] &, ®EF =54, B
5. Fernando Cubillas, Francisco Brown, H 1Ef#f
YbFe:04 #7355 2 B2 /LA 1E~D InGaMgO4 DJET)
RIS
% 65 MlmERfi e
2024/11/13 WhTREEHE &7 =7 A —7F (k&
)
37. R BE, AR IR, ER E R B,
NS
FETARAR MBLRIGIZ X D 0 FA4 o #pia 7
AT A ML DGR & R
5 65 [mlmERime



2024/11/15 WhTRREHRE ¥ —7 4 —F (B
1)
38. WEAMR IR, B IEM
B INEMFRE & b O T =4 L KRR
X7 A5 A b BiNii«Fe:023
% 65 Ml E LR
2024/11/15 W TRRIERE L ¥ —T A —F (B
)

39. W ER
i FEARERE VB R  R ER (b o [E BRI [RIMF2E
%5 65 [mlEE R
2024/11/15 WhTRRERE ¥ —T 4 —F (B
)

40. VAR IE
FRESR I BB ARA R O W %A & S AR 7R BT
MR R IR & e 2024 A JEFKE RS
2024/1120 KEX & GBiE)

41, EFE R TEIREE . PEARIE, IR
PORABIIEM R BilanCo0s (Lm:7 > % /A Kt
F) OEEERERORE KL
W RIE T2 2024 EEKFE RS
2024/1120 KB X & GBiE)

4230 fEF. PEALR IE. R IR
ARWEEME BiNiLMn03 1251 % Mn O ZE L
RG2S 2024 KT RS
2024/1120 KB X & GBiE)

43.2) FR, BEALE IE. R R
Ca [E#2 PbCrO; O H K EE
WA RIE T2 2024 EEKFERS
2024/1120 ZRKEA v+ (i)

4455 B AR IEIEIR E, RER 5B IERT
B % W T 2o R EHIZ K 5 BiNIOs KA
SRR B O BRI i 48
W RIE T2 2024 KRS
2024/1120 KEA > & )

45, FNH K. Tl Al Koomok Lee, ALY F, H IE
Ti)
< NVF 7 xzuA v 7 YE BiFesC00103 ~D La
BRI & 2 RetEdcE
%63 MY T I v AR FRE
2025/1/9 REA & CHiEM)

46. AU T A ZBICHAT 2 Co Bt BiFeOs D ELH]
AR AR BA & BGRmAL
Ein = R IR
%63 Al T 2 v 7 ARBR RS
2025/1/9 K¥EA & CGHE)

47, HIER
B A= A - BNDRRE RGN U T BEREVERRA LM 0D B %
AARET I v 7 AHE 2025 FHS
2025/3/6  FRM RN F v 28R (IRAATH)

48. = M. L FEEP AL IR, R OER

A, B VA MEEHIC XD BiFeOs DABREL
AAY S I v 7 A4 2025 4FE4ES
2025/3/6  FEMKFEAR Y v o8 A (BARTH)

49. HHILFERP, /NBPORM, TEAMRIE, AR, BLEE
¥, EiadE, BHIEM
Ca, 4d - 5d BEEFICHRILELIZ L 5 BiFeOs D5
SR MERE B
AAt T I v 7 AW 2025 F4ES
2025/3/7 FRERFEIRF v XA (IRARTH)

50. i BEE, Lee Koomok, AR, FHILAI, EE, R
A
~)VTF 7 A v BiFeosCo0.10s % 2N
TEIHEIINT /S A 2 DBR%E
5% 72 BIRSAWE S R NGRS
2025/3/15 HORERIRT BH¥ v A (BFH

i)
SLSeH B, AR I, R EM R BL RER
it

A Xt & AW AR EM B O 2 e HE L
AALZAE 105 BERES
2025/3/29 BEWE RS FERLF v o3& (KHTH)

[Fo&ssz, Buf]

1. KISTEC, ¥ TR
~NFTzuaAf v 7O E 5T Ry M
Y — R IR B IBER A € U OREFE A~ —
2024 5 H 23 H, JGMRFELE R, BIERiE S,
MRNNREGE 7 77

2. HEU T2 K, KISTEC, CROSS, ZE K%, JASRI, RE

K%, FEBKTE, QST, R A2 SEAT, IST
=y IR E A~ ZADE N FHEEM I E LA R
— ENIE AR R RE % 3 2 B 7 7o B BMETRA B DB 1
rF—

2025 43 H 5 H

(#57F]
EIN IR 31T

iy

S

(= H 5]

. AR IE, 13" SPRUC Young Scientist Award

2. W ML BAET I v ABARINE

3. HER E KEBFREFILAMELS—T A X
— XN E

4. @fE 8L BB ERIEEHS 2024 FEEFRSE
TR E

5. KA i, AREZ I v 7 ABSKE L R T U A
BHRRE

6. EfE R, BRET Iy ABBPHT URT T L
BHRRE

7. WE W, BARET Iy ARSI oA T A
BHRRE

\



Al L R RIG &R 2024 FFEMER S E
= 1, BEBRG S 2024 FEKFERRES
AR





