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A rare-earth double perovskite ferroelastic for
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Developing lead-free X-ray detection materials that combine high sensitivity, low operating voltage, and

environmental friendliness poses a significant challenge in the field of radiation detection. In this study,

we rationally designed and synthesized a three-dimensional rare-earth double perovskite, (R-3-FP)2RbCe

(NO3)6 (1). 1 undergoes a first-order reversible ferroelastic phase transition around 400 K, primarily driven

by the coordination distortion of Rb+, the breaking of F–Rb bonds, and the cooperative disordering of

guest ions, accompanied by dielectric responses and reversible domain structure evolution. Furthermore,

1 possesses a wide indirect bandgap of approximately 3.13 eV, which effectively suppresses dark current

noise. First-principles calculations further reveal that the density of states distribution in the conduction

and valence bands of its electronic structure facilitates carrier separation and transport, providing favor-

able conditions for X-ray photoelectric conversion. Building on this, we systematically evaluated the radi-

ation detection performance of 1. At a low bias voltage of 0.2 V, the device demonstrated a sensitivity of

184.5 μC Gyair
−1 cm−2 and a detection limit of 0.716 µGyair s

−1, along with fast signal response and stability.

This work not only reports on a distinct type of lead-free X-ray detection material based on ferroelastic

phase transition behavior but also offers material design insights for developing low-power, high-stability

X-ray detection devices.

1 Introduction

X-ray detection technology plays an indispensable role in key
fields such as medical imaging, industrial non-destructive
measurement, security inspection, and space radiation
monitoring.1,2 Among them, direct-type X-ray detection
materials can directly convert high-energy photons into electri-
cal signals, avoiding the information loss and noise amplifica-
tion associated with the light conversion process in traditional
indirect detection. Thus, they provide an ideal pathway for
developing high-sensitivity, high-resolution, and low-power

detection systems.3–7 In recent years, organic–inorganic hybrid
perovskite materials have made considerable progress in this
field due to their strong X-ray attenuation capability, high
carrier mobility–lifetime product, and excellent solution
processability.8–17 Lead-containing systems such as MAPbI3
single crystals have demonstrated extremely high sensitivity
(>106 μC Gyair

−1 cm−2) and an ultralow detection limit.18

However, the toxicity of lead and the environmental instability
of halogen components limit their practical application and
commercialization.19–23 Consequently, lead-free double perovs-
kites, such as (NH4)3Bi2I9, have been developed, achieving sen-
sitivities on the order of 2.1 × 104 μC Gyair

−1 cm−2.24

Nevertheless, most existing high-performance detection
devices rely on relatively high external bias voltages (typically
>10 V) to achieve effective carrier separation and collection,
which not only increases system energy consumption and
thermal management burdens but also restricts their appli-
cation prospects in portable, low-power devices.25–27 Therefore,
developing novel detection materials capable of operating at
low bias voltages while combining high sensitivity, excellent
stability, and environmental friendliness has become a critical
and urgent challenge in this field.28

Among numerous emerging lead-free optoelectronic
material systems, rare-earth double perovskites have garnered
widespread interest in recent years due to their unique†These authors contributed equally to this work.
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structural tunability and excellent chemical stability, and the
distinctive 4f electronic configuration and rich optoelectronic
properties of rare-earth ions (e.g., Ce3+ and Eu3+).29,30 In such
materials, rare-earth ions and alkali metal ions (e.g., Rb+ and
Cs+) jointly occupy the B-sites and can assemble various
organic cations and anionic ligands (e.g., NO3

−) to construct
diverse three-dimensional framework structures. Significantly,
such crystalline frameworks may harbor structural phase tran-
sitions (e.g., ferroelastic transitions) driven by coordination
bond reorganization or ion ordering.31,32 These phase tran-
sition processes are typically accompanied by significant
changes in crystal symmetry, lattice stress, and dielectric pro-
perties, which may influence critical optoelectronic parameters
such as carrier transport and noise background.33,34 Although
these materials have shown potential in fields like ferroelec-
trics and dielectrics, exploring their structural phase transition
characteristics, investigating the intrinsic connection between
such characteristics and X-ray detection performance, and sub-
sequently developing novel detection materials remain
research directions requiring in-depth exploration.35–40

Based on the above background, this study successfully
designed and synthesized a novel three-dimensional rare-earth
double perovskite, (R-3-FP)2RbCe(NO3)6 (1). This compound
undergoes a first-order reversible ferroelastic phase transition
around 400 K, accompanied by thermal hysteresis and revers-
ible evolution of the domain structure. Through high- and low-
temperature single-crystal X-ray diffraction analysis and local
structural investigations, we revealed that its phase transition
originates from multiple driving forces. Further investigations
involving solid-state UV-Vis spectroscopy and density func-
tional theory (DFT) calculations collectively confirmed that
this compound possesses a wide indirect bandgap of approxi-
mately 3.13 eV. This feature is beneficial for suppressing ther-
mally excited carriers, thereby reducing dark current noise.
Building on this finding, we systematically evaluated its direct
X-ray detection performance for the first time. The results
demonstrate that devices fabricated from this material exhibit
excellent comprehensive performance at extremely low bias
voltages (0.2–5 V): at 0.2 V, the sensitivity reaches 184.5 μC
Gyair

−1 cm−2, the limit of detection is as low as 0.716 µGyair
s−1, and the devices show good signal linearity, fast response
characteristics, and cycling stability and fatigue resistance.
Therefore, this study provides a paradigm for understanding
and exploring the application potential of functional materials
with structural phase transition characteristics in the field of
radiation detection.

2 Experimental section
2.1 Synthesis

1 was synthesized via the slow evaporation method with a
molar ratio of (R)-3-FP : RbNO3 : Ce(NO3)3·6H2O : HNO3 =
2 : 1 : 1 : 6. The detailed procedure is as follows: First, (R)-3-
fluoropyrrolidine (2 mmol, 0.178 g) was dissolved in 5 mL of
deionized water. Then, under continuous stirring, HNO3

(65 wt% aqueous solution, 6 mmol, 0.6 g) was added dropwise
until complete dissolution was achieved. In a separate con-
tainer, RbNO3 (1 mmol, 0.147 g) and Ce(NO3)3·6H2O (1 mmol,
0.434 g) were dissolved in another 5 mL portion of deionized
water. The two solutions were subsequently combined and
stirred continuously to yield a clear solution. After several days
of slow evaporation at room temperature, colourless block-
shaped single crystals of 1 were obtained. For 1: calcd C
12.38%, H 2.08%, O 37.12%, N 14.44%; found C 12.34%, H
2.06%, O 37.13, N 12.92% (Table S8).

2.2 Characterization of physical properties

The structural and physical properties of 1 were characterized
using multiple analytical methods in this study. The experi-
mental techniques employed included variable-temperature
powder X-ray diffraction (VT-PXRD), infrared spectroscopy (IR),
thermogravimetric analysis (TGA), differential scanning calori-
metry (DSC), single-crystal X-ray diffraction, variable-tempera-
ture dielectric measurements, polarized light microscopy
(PLM) for ferroelastic domain observation, density functional
theory (DFT) calculations, solid-state UV-Vis spectroscopy, and
X-ray detection. Detailed descriptions of the experimental pro-
cedures and instrument parameters are provided in the SI.

3 Results and discussion
3.1 Phase transitions of 1

The IR spectrum of 1 displays characteristic features of its
structure. Strong absorption bands at ∼1600 cm−1 and
∼1400 cm−1 are assigned to the asymmetric and symmetric
stretching vibrations of the coordinated nitrate groups,
respectively. The presence of a C–F stretching vibration at
∼1080 cm−1 indicates the involvement of fluorine in coordi-
nation (Fig. S1). Additionally, absorptions in the low-frequency
region (∼500–400 cm−1) confirm the formation of Ce–O and
Rb–O bonds. The PXRD pattern shows complete agreement
between the experimental profile and the simulated pattern
based on the single-crystal structure, confirming the phase
purity of the sample (Fig. S2). TGA indicates that 1 remains
thermally stable up to approximately 503 K, thus ensuring that
all subsequent physical property characterization studies are
performed within a thermally stable regime (Fig. S3).

To systematically investigate the phase transition behavior
of 1, DSC was performed. Heating–cooling cycle measure-
ments show a pair of reversible endothermic (heating) and
exothermic (cooling) peaks near 400 K and 393 K, respectively
(Fig. 1a), with a thermal hysteresis of about 7 K. Further verifi-
cation by DSC at different scan rates reveals a good linear
relationship between the hysteresis (ΔT ) and the scan rate
(Fig. 1b), a kinetic signature consistent with a first-order phase
transition mechanism. To quantitatively characterize the
thermodynamics of the phase transition, the enthalpy change
(ΔH) and entropy change (ΔS) were calculated from the DSC
data. The measured ΔH is approximately 4.80 kJ mol−1, and
the corresponding ΔS near 400 K is about 11.996 J mol−1 K−1.
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Using the Boltzmann relation ΔS = R lnN, the estimated
number of accessible configurations N ≈ 4.233. This value rep-
resents the typical threshold for a conventional order–disorder
phase transition, indicating an increase in configurational
degrees of freedom during the transition, which corresponds
to the order–disorder structural reorganization at the lattice or
molecular level. Furthermore, repeated DSC cycling over five
consecutive heating–cooling scans confirms the excellent
reversibility and fatigue resistance of the phase transition
(Fig. S4). To directly confirm the occurrence of the phase tran-
sition from a structural perspective, VT-PXRD measurements
were conducted (Fig. S5). The results show clear changes in
the positions and intensities of several diffraction peaks
within the transition temperature range, including peak
merging, splitting, or disappearance, indicating a change in
crystal symmetry. This further confirms the existence of a
structural phase transition from the viewpoint of long-range
order. In summary, the combined physical characteristics of 1
near 400 K confirm that the process is a first-order solid–solid
structural phase transition. These results provide a basis for
understanding the underlying physical mechanism of the tran-
sition at the atomic scale.

3.2 Variable temperature structure of 1

To elucidate the reversible solid–solid phase transition mecha-
nism of 1 at the atomic scale, the single-crystal structures of its
low-temperature phase (LTP) and high-temperature phase
(HTP) were systematically analyzed and compared.

In the LTP, 1 crystallizes in the orthorhombic space group
P212121 and exhibits a distorted three-dimensional framework

structure (Fig. 2a). The Ce3+ centers adopt a typical hexacoordi-
nate geometry, with all coordination sites occupied by oxygen
atoms from six bidentate nitrate ligands, forming highly sym-
metric and rigid [Ce(NO3)6]

3− coordination units. In contrast,
the Rb+ cations display an unconventional coordination
environment; they serve not only as nodes of the framework
but also engage in Rb–F coordination interactions with term-
inal organic ligands. Specifically, six coordination sites of each
Rb+ ion are occupied by oxygen atoms from bridging nitrate
groups, which connect adjacent Ce3+ centers and extend the
inorganic framework. The remaining two sites are coordinated
by fluorine atoms from two (R)-3-fluoropyrrolidine ligands,
forming relatively strong Rb–F bonds. Crucially, these fluori-
nated ligands act exclusively as terminal ligands and do not
participate in framework extension. This combination of brid-
ging nitrate oxygens and terminal F–Rb bonding imposes
severe geometric constraints on the Rb+ coordination sphere,
confining it to a distorted eight-coordinate configuration that
stores considerable lattice strain.

The bond-length distortion index ΔD and bond angle var-
iance σ2 are quantitative measures of octahedral distortion. ΔD
reflects the deviation of bond lengths from the average value,
and σ2 describes the spread of cis bond angles from 90°; larger
values indicate greater distortion. Therefore, the degree of dis-
tortion in the coordination environment of Rb+ was quantified
using concrete data.41,42 The variance of the Rb–O bond
lengths was determined to be 0.00481 Å2, corresponding to a
relative standard deviation of 2.39%. Significantly, the root-
mean-square deviation of the O–Rb–O bond angles from the
ideal octahedral values (90° and 180°) reaches 31.64°, indicat-
ing a severely distorted coordination polyhedron. This dis-
torted, metastable configuration, rigidly confined by the
framework, accumulates strain energy and thus provides an
intrinsic driving force for the subsequent structural phase

Fig. 1 (a) DSC curve of 1 measured at a heating/cooling rate of 10 K
min−1 within the temperature range of 370–420 K. (b) ΔT variations at
various scanning rates.

Fig. 2 (a) The three-dimensional framework structure of 1 in the LTP,
where the circles highlight the coordination environment of Ce3+/Rb+.
(b) The HTP structure of 1 exhibits a highly disordered and symmetric
cubic framework. (c) The symmetry-breaking diagram of 1 at high and
low temperatures is displayed.
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transition. Furthermore, the two strong Rb–F coordination
bonds act as additional anchoring points, further suppressing
local structural flexibility. This feature may explain why 1 exhi-
bits a relatively HTP temperature compared to many organic–
inorganic hybrid materials dominated by hydrogen-bonding
intermolecular interactions.

Upon heating HTP at 425 K, although the diffraction data
quality is limited (R1 = 0.265), a fundamental structural reor-
ganization is still revealed (Fig. 2b). The space group trans-
forms into cubic F432, indicating an increase in crystallo-
graphic symmetry. In this phase, the structural features are
characterized by the cleavage of the F–Rb coordination bonds.
The guest organic cations exhibit four-fold disorder, with their
C and N atoms being coupled. Simultaneously, the nitrate ions
display two-fold disorder. To further elucidate the nature of
symmetrical evolution during the phase transition of 1, we sys-
tematically analyzed its symmetry-breaking behavior (Fig. 2c).
The heating process provides the necessary energy for struc-
tural reorganization, allowing the system to overcome the
potential barrier for atomic rearrangement and thereby break
the restricted symmetry of the LTP. During this process, sym-
metry operations that were “frozen” or suppressed in the orig-
inal structure due to specific atomic positions and orien-
tations—such as high-order rotation axes and mirror sym-
metries—are reactivated as thermal motion intensifies and
coordination bonds rearrange. In the HTP, the structure
reassembles based on dynamic disorder, resulting in a high-
symmetry structure with a greater number of symmetry oper-
ations. This structural transformation is consistent with the
characteristics of ferroelastic phase transitions among the 94
species.43

3.3 Thermodynamic behavior of 1

According to symmetry analysis, the phase transition of 1
satisfies the crystallographic requirements for a ferroelastic
phase transition. Due to the poor quality of the high-tempera-
ture single-crystal diffraction data, polarized light microscopy
was employed to experimentally verify the ferroelastic nature
of the transition. At 303 K, the crystal exhibits birefringence
under crossed polarizers, indicating the presence of ferroelas-
tic domains in LTP (Fig. 3a). During heating, the ferroelastic
domains persist in the LTP and remain visible until just before
the phase transition. As the temperature approaches the tran-
sition point, the domain contrast gradually diminishes, and
the ferroelastic domains completely disappear upon entering
the HTP (Fig. 3b and c). In this paraelastic phase, the crystal
becomes optically isotropic under crossed polarizers, a feature
consistent with the restoration of higher crystallographic sym-
metry. Significantly, when the sample is subsequently cooled
back to room temperature, the ferroelastic domains spon-
taneously reappear (Fig. 3d). The reversible emergence and dis-
appearance of the domain patterns during the heating–cooling
cycle provide direct evidence that domain formation is intrinsi-
cally associated with the structural phase transition. To further
investigate whether the phase transition induces thermochro-
mic behavior, the crystal color was observed under natural

light during heating and cooling cycles across the transition
temperature. No color change was observed (Fig. S6), confirm-
ing that 1 does not exhibit thermochromism, and the optical
contrast changes in Fig. 3a–d are solely attributable to birefrin-
gence associated with ferroelastic domain evolution.

Ferroelastic phase transitions are often accompanied by
anomalous responses in dielectric properties due to the coup-
ling between lattice distortion, symmetrical breaking, and
polarization response. Therefore, we systematically investi-
gated the dielectric response across the phase-transition temp-
erature range. The temperature dependence of the real part of
the dielectric constant (ε′) for powdered 1 was measured at a
frequency of 1 MHz (Fig. 3e). As the temperature increased and
approached the phase-transition point, ε′ exhibited an approxi-
mate twofold enhancement in dielectric response. This abrupt
increase in dielectric response is consistent with the structural
reorganization and symmetry change associated with the fer-
roelastic phase transition. To evaluate the reversibility and
robustness of the dielectric response, repeated dielectric
switching measures were performed. The dielectric anomaly
near the phase-transition temperature was well preserved over
six consecutive heating–cooling cycles, with no degradation in
either the amplitude or position of the dielectric response
(Fig. 3f). This result demonstrates the good fatigue resistance
of 1. In summary, these findings reveal a stable and reproduci-
ble dielectric response associated with the ferroelastic phase
transition of 1, highlighting the potential of such phase-tran-
sition materials for functional device applications.

3.4 X-ray response of 1

We first evaluated the fundamental optoelectronic properties
of 1, which form the basis of its X-ray detection capability.
Solid-state ultraviolet-visible (UV-Vis) diffuse reflectance spec-
troscopy reveals an optical bandgap of approximately 3.31 eV
(Fig. 4a), as determined by the Tauc plot for an indirect tran-

Fig. 3 (a–d) Evolution of the ferroelastic domain structures
of 1 observed under a polarized light microscope at different tempera-
tures. (e) Temperature dependence of the dielectric constant
of 1 measured at a frequency of 1 MHz. (f ) 1 exhibits switching response
behavior in cyclic measurements, undergoing six consecutive switching
cycles between high and low dielectric states.

Research Article Inorganic Chemistry Frontiers
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sition. To gain deeper insight into the electronic structure,
density functional theory (DFT+U) calculations were performed
without considering the magnetic ordering of Ce3+. The com-
puted bandgap is 2.83 eV (Fig. 4b), which is slightly lower than
the experimental value—a well-known underestimation
inherent to standard DFT functionals. Nevertheless, both
experimental and theoretical results consistently confirm that
1 possesses a wide indirect bandgap, a critical feature for sup-
pressing thermally generated dark current noise.

The partial density of states (PDOS) presented in Fig. 4c elu-
cidates the orbital contributions near the Fermi level: the
valence band maximum (VBM) is predominantly derived from
the organic (R)-3-fluoropyrrolidine cations and the nitrate
ligands, while the conduction band minimum (CBM) is domi-
nated by the Ce 4f and 5d orbitals. To further visualize the
nature of the photoexcitation process, we mapped the real-
space charge density distributions of the VBM and CBM
(Fig. 4d and e). The VBM charge density is highly localized on
the nitrate ligands and organic cations, exhibiting character-
istic ligand-centered behavior, whereas the CBM charge
density is almost entirely concentrated on the Ce3+ center,
demonstrating metal-centered characteristics. This pro-
nounced spatial separation between electron and hole states
directly confirms that the electronic excitation in 1 follows a
ligand-to-metal charge transfer (LMCT) mechanism. Under
X-ray irradiation, electrons are promoted from the nitrate/
organic-dominated valence band to the Ce dominated conduc-
tion band, enabling efficient charge separation and effectively
suppressing recombination. This charge-transfer character-
istic, combined with its wide indirect bandgap, endows 1 with

outstanding potential for low-noise, high-sensitivity X-ray
detection.

Encouraged by the favorable optoelectronic properties of 1,
we proceeded to fabricate planar-type X-ray detectors based on
1 and conducted a systematic performance evaluation (inset of
Fig. 5a). Based on the measured X-ray absorption coefficients
(Fig. 5a), around an energy of 50 keV, the linear attenuation
coefficient of 1 is comparable to that of silicon but lower than
those of established compound semiconductor detector
materials such as cadmium telluride (CdTe) and amorphous
selenium (α-Se). This result indicates that although the X-ray
absorption capability of 1 is not optimal, its absorption coeffi-
cient remains within the practical range for effective detection.
More importantly, the subsequently demonstrated excellent
charge carrier transport properties and extremely low noise
background largely compensate for its relative deficiency in
absorption, allowing the overall device to still exhibit outstand-
ing detection potential. By measuring the transient photo-
current decay curves under X-ray excitation and fitting them
based on the Hecht equation, the carrier mobility–lifetime
product (μτ) of compound 1 was determined to be approxi-
mately 3.6 × 10−4 cm2 V−1 (Fig. 5b). This value surpasses those
of most reported lead-free double perovskite systems, confirm-
ing the low defect density within the material and the long
effective diffusion length and good electrode collection
efficiency of photogenerated carriers, which form the key
physical foundation for achieving charge extraction.
Furthermore, current density–voltage ( J–V) characteristic
measurements under dark conditions (Fig. 5c) show that the
current density of the device consistently remains on the order

Fig. 4 (a) Solid UV-vis absorption spectra and bandgap diagram of 1, (b) band structure of 1 calculated using density functional theory (DFT), (c)
projected density of states (PDOS) diagram of 1, (d and e) charge density distributions of the valence band maximum (VBM) and conduction band
minimum (CBM) for 1.
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of nA cm−2. Based on this, the resistivity of the material is cal-
culated to be as high as ∼4.6 × 1012 Ω cm. Such high resistivity
directly reflects the extremely low free carrier concentration
and excellent insulating properties of the material, which can
effectively suppress dark current noise, establishing a crucial
foundation for achieving high sensitivity and a low limit of
detection in X-ray detection.44–46

Subsequently, we systematically measured the device’s
response performance to X-rays under different bias voltages
(0.2 V, 0.5 V, 1 V, 2 V, 5 V). By varying the X-ray dose rate (from
5 to 400 µGyair s

−1), we recorded the corresponding changes in
photocurrent density (Fig. 5g). At any fixed bias voltage, the
photocurrent density shows a highly linear relationship with
the incident X-ray dose rate, indicating excellent dose–
response linearity and repeatability of the device. By linearly
fitting the current density–dose rate curves, we calculated the
device sensitivities at bias voltages of 0.2 V, 0.5 V, 1 V, 2 V, and
5 V to be 184.5, 243.4, 339.4, 426.3, and 688.9 μC Gyair

−1 cm−2,
respectively (Fig. 5d). This trend clearly demonstrates that as
the applied electric field increases, the separation and collec-

tion efficiency of carriers improves, leading to a systematic
enhancement in sensitivity. The limit of detection (LOD) is a
key indicator for evaluating a detector’s capability to detect
weak signals. By analyzing the signal-to-noise ratio (SNR)
corresponding to different X-ray dose rates at a 0.2 V bias, the
LOD corresponding to SNR = 3 was determined to be
0.716 µGyair s

−1 (Fig. 5e). This low limit of detection indicates
that even at an extremely low bias of 0.2 V, the device can
reliably detect faint X-ray signals at the sub-microgray-per-
second level, highlighting its application potential in low-dose
imaging and radiation monitoring. The dynamic response
characteristics and operational stability of the device are also
crucial. In continuous cycling measurements exceeding 104

seconds, the device’s photocurrent response remained stable
with negligible signal attenuation or baseline drift (Fig. 5f).
This result provides compelling evidence for the excellent
fatigue resistance and environmental durability of both the
material itself and the fabricated device.

Comparing the comprehensive performance of 1 within the
context of current lead-free perovskites and broader X-ray

Fig. 5 X-ray detection performance of 1. (a) Absorption coefficient of 1 compared to common semiconductor materials. The inset shows a sche-
matic diagram of the simple electrode device structure. (b) Plot of μτ (carrier mobility–lifetime product) for 1 under X-ray excitation. (c) Resistivity
curve of the 1 device under dark conditions. (d) Variation in device sensitivity at different bias voltages. (e) Signal-to-noise ratio (SNR) of the device
as a function of X-ray dose rate under a 0.2 V bias voltage. The LOD determined by linear extrapolation (SNR = 3). (f ) Long-term continuous oper-
ational stability measurement of the device under a 0.2 V bias voltage and a fixed dose rate. (g) Dynamic response curves of photocurrent density
with increasing X-ray dose rate under different bias voltages. (h) Comparison of sensitivity between 1 and other reported X-ray detection materials at
different operating bias voltages.
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detection materials (Fig. 5h), its most prominent advantage
lies in achieving excellent detection performance at extremely
low operating voltages. Many reported high-performance
detectors (such as some lead-based perovskites and traditional
CdTe and α-Se detectors) typically require applied biases of 10
V or even hundreds of volts to achieve high sensitivity. In con-
trast, 1 can achieve comparable sensitivity (e.g., 339.4 μC
Gyair

−1 cm−2 at 1 V) under weak electric fields of ≤1 V. This
characteristic endows it with irreplaceable application value in
constructing next-generation radiation detection systems that
are low-power, portable, and capable of long-term operation
via miniature batteries, ultimately enabling efficient, stable,
and reliable X-ray photoelectric conversion under nearly
“power-free” weak electric fields.

4 Conclusions

This study successfully synthesized and systematically charac-
terized a three-dimensional rare-earth double perovskite (R-3-
FP)2RbCe(NO3)6 (1). 1 exhibits a reversible ferroelastic phase
transition. The material undergoes a first-order phase tran-
sition around 400 K, with its microscopic mechanism closely
related to the coordination distortion of Rb+ and the breaking
of F–Rb bonds. Benefiting from its wide indirect bandgap,
high carrier mobility–lifetime product, and high resistivity, 1
demonstrates excellent direct X-ray detection performance at
extremely low operating voltages. At a bias voltage of only 0.2
V, the device achieves a sensitivity of 184.5 μC Gyair

−1 cm−2

and a detection limit of 0.716 µGyair s
−1, while also exhibiting

good stability over measurements exceeding 104 seconds.
Compared to existing high-performance detectors that typically
require higher operating voltages (>10 V), this material demon-
strates comparable detection capabilities under weak electric
fields of ≤1 V, highlighting its potential for applications in
low-power, portable radiation detection devices. This work not
only expands the material library of rare-earth double perovs-
kites in the field of radiation detection but also provides an
important example for exploring the relationship between
structural phase transitions and optoelectronic functionality.
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