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Fig. 1. Electronic phase transitions for rare-earth nickelates (ReNiOs): (a) Crystal structure for ReNiO3 and the electronic structure

and distorted NiOg octahedron for the insulating phase of ReNiOs; (b) transition temperature (Tyyr) for ReNiOj plotted as a func-

tion of the tolerance factor of distorted perovskite structure; (¢) Gibbs free energy (AG) for ReNiOj plotted as a function of the ionic

radius of Re elements at 1100 K.
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Fig. 2. Revealing the critical role of in situ annealing upon high oxygen pressure in depositing the ReNiOj film material: (a) X-ray

diffraction for the as-deposited NdNiOj film before and after in-situ annealing and exposed to the air for 4 months; (b) image of

atomic force microscope for NdNiOjs film upon in-situ annealing; (c) resistance temperature characteristic curves (p-T tendency) of

NdNiOjy after in-situ annealing, 4 months in air, and without in-situ annealing; (d) temperature dependance of the temperature coef-

ficient of resistance (TCR) for the NdNiO; film before and after in-situ annealing, while the normalized p-T tendency for as-depos-

ited NdNiO; film as compared for the previously reported one were shown in the inset
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Fig. 3. X-ray photoelectron spectroscopy (XPS) for NdNiO; film: (a) Ni-2p core-level peak; (b) O-1s core-level peak. Near-edge X-
ray absorption fine structure (NEXAFS) for NdNiO; film: (c) Ni-L edge, (d) O-K edge.
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Fig. 4. Crystal structure and electronic phase transition for Nd; ,Sm,NiOj film material: (a) The XRD spectra for as-deposited
Nd; ,Sm,NiO; films (z = 0, 0.25, 0.5), while the XRD spectra for as-deposited Nd; ,Sm,NiO; films (z = 0.75, 1) was shown in the
inset; (b) the c-axis lattice constant for Nd; ,Sm,NiOs (z = 0, 0.25, 0.5) films plotted as a function of Sm substituting concentra-
tion; (c) the p-T tendency for Nd; ,Sm,NiO; films (z = 0, 0.25); (d) Tyyr for as-grown Nd; ,Sm,NiO;z (z = 0, 0.25) films plotted as
a function of Sm substituting concentration; while the TCR-T tendency as achieved in the Nd; ,Sm,NiO; (z = 0, 0.25, 0.5) film was

shown in the inset.
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Fig. 5. Anisotropy in the electrical transport properties for Nd; ,Sm,NiOs: (a) XRD spectra for differently oriented NdNiO; films;
(b) the normalized p-T tendency for differently oriented NdNiO; films; (¢) Tyyr for NdNiO; films plotted as a function of crystallo-
graphic orientation, while the respective AFM spectra of NdNiO3/LAO (111) heterostructure was shown in the inset; (d) the nor-

malized p-T tendency for differently oriented Nd; ,Sm,NiOj; films, while the respective XRD spectra are shown in the inset.
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Controllable growth and electronic phase transitions for
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Abstract

The multiple electronic phase transition achieved in the metastable perovskite (ReNiOs, where Re denotes
a lanthanide rare-earth element) by using critical temperature, hydrogenation, electrical field and interfacial
strain has attracted considerable attention in condensed matter physics and materials science, making it
promising applications in the critical temperature thermistor, artificial intelligence, energy conversion and weak
electric field sensing. Nevertheless, the above abundant applications are still bottlenecked by the intrinsically
thermodynamic metastability related to ReNiOj;. Herein, we synthesize the atomic-level flat ReNiOj3 film
material with thermodynamic metastability using laser molecular beam epitaxy (LMBE) that exhibits excellent
thermally-driven electronic phase transitions. Notably, the interfacial heterogeneous nucleation of ReNiO; film
can be triggered by the template effect of (001)-oriented LaAlOj; substrates, owing to the similar lattice
constants between LaAlO5 substrate and ReNiQOj; film. In addition, we elucidate the key role of in situ annealing
under oxygen-enriched atmosphere in stabilizing the distorted perovskite structure related to ReNiOj;. Apart
from the depositing process related to LMBE, the ReNiO; with heavy rare-earth composition exhibits a more
distorted NiOg octahedron and a higher Gibbs free energy that is rather difficult to synthesize by using physical
vacuum deposition. As a representative case, the in situ annealing-assisted LMBE process cannot be utilized to
deposit the SmNiO; film, in which the impurity peaks related to ReyO3 and NiO are observed in its XRD
spectra. With the assistance of X-ray photoelectron spectraoscopy and near-edge X-ray absorption fine
structure, the valence state of nickel for ReNiOj is found to be +3, and the t3,e; configuration is observed.
Considering the highly tunable electronic orbital configuration of ReNiOj; related to the NiOg octahedron, co-
occupying the A-site of perovskite structure with Nd and Sm elements regulates the transition temperature
(Tyir) for ReNiOs within a broad temperature range. Furthermore, we demonstrate the anisotropy in the
electronic phase transitions for Nd; ,Sm,NiOj, in which case the Tyyr achieved in the Nd; ,Sm NiO;/LaAlO;
(111) heterostructure exceeds the one deposited on the (001)-oriented LaAlOj substrate. The presently observed
anisotropy in the electrical transportation for Nd;_,Sm NiOj film material is related to the anisotropic in-plane
NiOg octahedron configuration triggered by differently oriented LaAlO; substrates. The present work is
expected to introduce a new degree of freedom to regulate the electronic phase transition, explore new electronic
phase in ReNiO5 material system, and pave the way for growing atomic-level flat ReNiOj film materials with
expected electronic phase transitions.

Keywords: rare-earth functional material, metal-to-insulator transition, rare-earth nickelate, thermodynamically

metastable film
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CSTR: 32037.14.aps.73.20240584

* Project supported by the National Natural Science Foundation of China (Grant Nos. 52401240, 12174237) and the Open
Project of Tianjin Key Laboratory of Optoelectronic Detection Technology and System, China (Grant No. 2024LODTS102).

1 Corresponding author. E-mail: xuanchizhou@sxnu.edu.cn

197102-10


http://doi.org/10.7498/aps.73.20240584
https://cstr.cn/32037.14.aps.73.20240584
mailto:xuanchizhou@sxnu.edu.cn
mailto:xuanchizhou@sxnu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

SEASAHS SR o - SR BR Eh M B A R AT AR K 5 M P AH AR TR
Bl4rse BHA

Controllable growth and electronic phase transitions for metastable perovskite rare—earth nickelate films

Zhou Xuan-Chi  Jiao Yong-Jie

5] Fi{5 B Citation: Acta Physica Sinica, 73, 197102 (2024) DOI: 10.7498/aps.73.20240584
TEZE 71 View online: https:/doi.org/10.7498/aps.73.20240584
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

SIS LT AR AL A AL A L 22 A A
Research on the electronic phase transitions in strongly correlated oxides and multi—field regulation

WIFAEA. 2024, 73(11): 117102 https://doi.org/10.7498/aps.73.20240289

A REER L AR 2R R AR R T AR TP R SR IS
Research progress of quantum coherence performance and applications of micro/nano scale rare—earth doped crystals

WIFRE4. 2023, 72(12): 120302 https://doi.org/10.7498/aps.72.20222166

[ 22 RSV O /STi Oy A Bk 1 43 I Sk e 2k e
Spacer—layer—tunable ferromagnetic half-metal—ferromagnetic insulator transition in SrV0O,/STiO; superlattice

PrPieEd. 2022, 71(23): 237301 https:/doi.org/10.7498/aps.71.20221765

LAY REFIAR BETER & $BA% Y La:SrTiO Atk 451 B Jm -2 G A e s
Tuning metal—insulator transition in & —doped La:SrTiO; superlattice by varying doping dimensionality and concentration

WIFR£4. 2021, 70(22): 227102 https://doi.org/10.7498/aps.70.20210830

(StVO,)S/(SrTi05), (111) 5B 45 4 i 24 2 M e A R M 42 ) 25— BT 5

First principle study of tuning metal—insulator transition and magnetic properties of (SrVO,)s/(SrTiO5), (111) heterostructures
PrPieEdR. 2022, 71(18): 187301  https://doi.org/10.7498/aps.71.20220627

Hi L AL B AL MR A TS B

Research progress in rare earth doping photoluminescent ferroelectric thin films

PIBR2F4H. 2020, 69(12): 127712 hitps://doi.org/10.7498/aps.69.20200738


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240584
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240289
https://doi.org/10.7498/aps.72.20222166
https://doi.org/10.7498/aps.71.20221765
https://doi.org/10.7498/aps.70.20210830
https://doi.org/10.7498/aps.71.20220627
https://doi.org/10.7498/aps.69.20200738

	1 引　言
	2 实　验
	3 结果与讨论
	4 结　论
	参考文献

