
mater.scichina.com link.springer.com Published online 30 November 2021 | https://doi.org/10.1007/s40843-021-1844-4
Sci China Mater 2022, 65(5): 1329–1336

Broadband multimodal emission in Sb-doped CaZnOS-layered
semiconductors

Xu Li1†, Yuantian Zheng1†, Ronghua Ma1†, Zefeng Huang1, Chunfeng Wang1, Mingju Zhu1,
Fuchun Jiang1, Yangyang Du2, Xian Chen2, Bolong Huang3, Feng Wang4, Bohan Wang5, Yu Wang5 and
Dengfeng Peng1*

ABSTRACT Mechanoluminescent (ML) smart materials are
expected to be used in stress sensors, new displays, and ad-
vanced flexible optoelectronic devices, because of their unique
mechanical-to-light energy conversion properties. However,
the narrow-range ML emission characteristics of single ma-
terials limit their application scope. In this work, we report on
the broadband multimodal emission in Sb-doped CaZnOS
layered semiconductors. A series of CaZnOS layer-structured
powders with different Sb3+ doping concentrations were syn-
thesised using a high-temperature solid-phase method. The
CaZnOS:Sb3+ phosphor achieved a wide range of ML spectra
(400–900 nm), adjustable photoluminescence with double lu-
minescent peaks located at 465 and 620 nm, and the X-ray-
induced luminescence characteristics were systematically stu-
died. We have also achieved ultra-broad warm white light ML
emission of Sb3+ and Bi3+ co-doped samples. Therefore, it can
be expected that these ML phosphors will be used in smart
lighting, displays, visible stress sensors, and X-ray imaging
and detections.
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INTRODUCTION
Mechanoluminescence (ML) is a phenomenon in which an
object directly emits light under mechanical stimulation. In
contrast to common photoluminescence (PL) and electro-
luminescence (EL), the process of ML does not require the
object to be electrically charged or photonically illuminated, and
thus it has unique potentials in the fields of new light sources,
stress sensors, energy conversion and so on [1–6]. The phe-
nomenon of ML is ubiquitous in nature, and it typically occurs
when stones/minerals are broken, or when natural objects or
artifacts are rubbed, abraded, impacted, or stretched by external
forces. Because the earliest discovered ML phenomenon is
essentially a fracture-destructive luminescence, unlike PL and

EL, few materials have gained practical applications in the long
history of development. In 1999, Xu et al. [7] performed non-
destructive testing of stress distribution using elastic ML mate-
rials. Since then, studies on ML have attracted intensive atten-
tion in the fields of inorganic and organic materials [6,8].
Among ML materials, inorganic materials have good chemical
stability, repeatable mechanical-to-light energy conversion
properties, and high brightness, and they have progressed
rapidly with the development of advanced optoelectronic tech-
nologies [2]. To date, many new ML materials have been dis-
covered, including Li/NaNbO3:Pr3+ [9], Sr3Sn2O7:Nd3+ [10], and
CaZnOS:Mn2+/Cu2+/Ln3+ (Ln = Sm3+, Er3+, Nd3+, Pr3+, Tb3+,
Eu3+, Dy3+, Ho3+, Tm3+, and Yb3+ lanthanide ions) [11–21]. Most
of the reported ML inorganics can emit light in a linear or
narrow-band characteristic emission under doping; for example,
the spectrum width of Ln ion emission is only several nano-
metres, and that of the transitional metals such as Mn is several
tens of nanometres. The emission lines of a single dopant are not
continuously distributed on the spectral axis. Therefore, several
ML materials should be combined to obtain a wide range of ML
spectra for specific applications, such as wind/droplet-driven
displays [22,23]. However, ML materials doped with different
ions have different pressure thresholds, which limit their oper-
ability [24]. Therefore, with the development of clean environ-
mental energy and smart sensing promoted by ML technologies,
suitable ion-doped ML materials with broad spectra, such as
white light emission, are urgently needed [3,4,25–27].
In this work, we successfully synthesised a Sb-doped CaZnOS

semiconductor using a high-temperature solid-phase method
[19,20]. The prepared CaZnOS:Sb3+ not only exhibited excita-
tion-dependent PL, but also had a broad spectrum of ML
emissions. When different excitations are chosen, peak-domi-
nated tunable PL can be realised from 465 to 620 nm. Addi-
tionally, our samples can be sensitive to X-ray-excited visible
light emissions. The achieved ML emission range is approxi-
mately 120 nm wider than that of commercially available ZnS:
Mn2+. This discovery will play a unique role in the fields of no-
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power displays, anti-counterfeiting, warm white lighting, stress/
pressure sensing, and mechanical energy-related fields.

EXPERIMENTAL SECTION

Materials preparation
We chose CaZnOS as the semiconductor in our study owing to
its unique physical properties for realising high-performance
ML. A series of Ca1−xZnOS:xSb3+ (x = 0%, 0.1%, 0.2%, 0.5%, 1%,
1.5%, 2%, 3%, 4%, 6 %, and 8%) samples were prepared by
applying solid-state reactions according to our previous reports
[19,20]. The starting raw materials were high-purity ZnS
(Aladdin, 99.99%), CaCO3 (Sigma-Aldrich, >99%), high-purity
Sb2O3 (Alfa Aesar, 99.999%), MnCl2·4H2O (Sinopharm Chemi-
cal Reagent Co., Ltd., 99.0%), and BiCl3 powder (Alfa Aesar,
99.9% metal basis). A total of 20 g of raw materials was precisely
weighed according to the stoichiometric ratio and then thor-
oughly mixed by wet grinding in 30 mL absolute ethanol. Then,
we placed the raw materials in an oven set at 80°C for drying,
after which they were placed in a corundum firing boat and
heated to 1100°C at 10°C s−1 under a N2 (purity, 99.99%) pro-
tective atmosphere, and then calcined for 4 h. After being cooled
to room temperature naturally, the sintered sample was taken
out and ground to fine powder for further characterisation.

Characterizations
The structure and morphology distribution of the samples were
characterised by X-ray diffraction (XRD) and scanning electron
microscopy (SEM). The equipment used for recording XRD was
a Bruker D2 phase XRD analyser, whereas SEM was performed
using a 3 Hitachi SU 8020 scanning electron microscope.
Energy-dispersive X-ray (EDS) element maps were characterised
using a HOBIRA EMAX X-ray detector. PL spectra were
recorded using a Hitachi F-4600 spectrophotometer equipped
with an R928 photomultiplier detector. The photos and videos

were taken with a Sony ILCE-7M3 camera. The equipment used
to obtain ML spectroscopy was a home-built measuring appa-
ratus consisting of a linear motor, digital push-pull gauge, and
QE65pro fibre optic spectrometer (Ocean Optics). X-ray-
induced luminescence (XIL) spectra were studied using an
Omni-λ 300i spectrograph (Zolix) equipped with an X-ray tube
(Model RACA-3, Zolix Instruments Co., Ltd., Beijing, China). In
the ML test, we used a centrifuge tube to weigh out 0.3 g of the
sample powder, 0.06 g of ultraviolet (UV)-curable glue, and
added 9 mL of anhydrous alcohol. The constituents were shaken
and mixed thoroughly and then dispersed in an ultrasonic bath.
Finally, using the suspension-deposition method, the sample was
evenly distributed in a 3 cm × 3 cm area on an EVA-PET plastic
encapsulation film (Deli, No. 3817). After the alcohol was
completely volatilised, the sample was irradiated and cured with
a UV lamp (LEAFTOP 9307) to obtain an ML test piece for the
follow-up ML test.

RESULTS AND DISCUSSION
To evaluate the effects of our dopant on the structure of the
samples, we first studied them using powder XRD, as shown in
Fig. 1a. We found that the main phase was consistent with the
standard library (PDF#01-076-3819) for our sample CaZnOS:x%
Sb3+ (x = 0–8) fired by the high-temperature solid-phase
method. It can be clearly seen from the XRD pattern that each
doping concentration contains a mass amount of unreacted ZnS
[12] (Fig. S1). The impurity phase disappeared when the doping
concentration was 0.2%, indicating that the reaction was suffi-
cient in this case. From the XRD diffraction peak, Sb3+ ions enter
the CaZnOS matrix below 2% doping concentration and do not
markedly change the macro-crystalline structure of the CaZnOS
host [28]. When the doping concentration of Sb3+ exceeded
2 mol%, the Sb2O3 phase peak appeared in the XRD pattern
(Fig. S1). Fig. 1b shows the SEM image of the Sb3+-doped
CaZnOS (0.2%). It can be seen that the prepared particles are

Figure 1 (a) XRD patterns of CaZnOS:xSb3+ (x = 0, 0.1%, 0.2%, 0.5%, 0.8%, 1%, 1.5%, 2%, 3%, 4%, 6%, and 8%) samples. (b) SEM image of the representative
CaZnOS particle (1% Sb3+). (c) Schematic diagram of the crystal structure of CaZnOS, representing the ions that make up the crystal: Ca/Sb (blue), Zn (red), O
(green), and S (yellow). (d) EDS mapping of CaZnOS:Sb3+. (e–i) Elemental distribution diagrams of Sb (e), Zn (f), S (g), Ca (h), and O (i), confirming the
uniform distribution of the elements in the sample.
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stacked by single-layer flakes of CaZnOS, and the overall
appearance presents an irregular agglomerated shape, which is a
typical morphology of particles prepared by high-temperature
solid-phase methods [29]. Combined with the EDS analysis
(Fig. 1d–i), Sb can be detected at every point in the detection
area, which further indicates that Sb3+ ions are successfully and
uniformly doped into the CaZnOS.
Fig. 2a shows the PL spectra of CaZnOS:1 mol% Sb3+. Inter-

estingly, we found that one PL spectrum contained two emission
bands, one centred at 465 nm and the other at 620 nm. Both
emission bands are in the visible range of the human eye; the
blue light emission located at 465 nm starts at 420 nm and
stretches to 550 nm, while the orange light emission band is
597–622 nm. This phenomenon appeared in all the samples
(Fig. S2). It is worth noting that two different emission bands are
from one luminescent centre, which has also been observed in
many organics and inorganics [28–31], but is rare in the pre-
viously reported CaZnOS matrix. Different light intensity ratios
were observed for the 620 and 465 nm main emission peaks
when the samples were excited with 280 and 340 nm UV light,
indicating that the energy level transitions of CaZnOS:Sb3+
corresponding to excitation light are different [32].
We recorded the excitation spectra monitored at 465 and

620 nm. Two main absorption peaks were observed at 280 and
340 nm. It is worth noting that there is a downward depression
at 280 nm in the excitation spectrum when monitored at
465 nm, which indicates that most of the charge transfer energy
during excitation with 280-nm excitation light is released by the
red emission, and a small proportion is released by the blue
emission. To further reveal the luminescence mechanism, we
tested the luminescent decay of the sample (Fig. 2b), and the
three attenuation processes of 280–620, 340–620, and
340–465 nm (excitation wavelength-emission wavelength), and
their afterglow times were fitted for calculation (Fig. S3). Only
one short-lived process was observed at 340–620 nm, and there
was a long-lived process and a short-lived process at 280–620
and 340–465 nm, respectively. Therefore, it is reasonable to
speculate that there is a fast transition process and a slower
transition process in the PL of Sb3+ ions. In addition, the decay
time of 280–620 nm is significantly longer than that of the other
two excitation-emission wavelengths, which indicates that there
is a longer electron transfer process in the process of red
emission excited by 280-nm light. Therefore, we next investi-

gated the mechanism of Sb3+ PL electron transition and energy
transfer in Sb3+-doped CaZnOS.
The use of ns2 electronically arranged elements (Sb, Sn, and

Pb) as the luminescent centre of luminescent materials has been
widely studied [33–35]. They usually have two sets of energy
level distributions [36–38]. Their excited states are 1P1 and 3Px
(x = 2, 1, 0), while their corresponding ground states are 1S0.
Typically, 1P1 is called a singlet state and 3Px (x = 2, 1, 0) is called
a triplet state, such that ns2 ions have a total of four independent
excited states: 1P1, 3P0, 3P1, and 3P2. The energy level split of the
ion is caused by the electron interaction and spin-orbit coupling
principle in the ion, and the 3P orbital energy level is split into
J = 0, 1, 2, which can be attributed to the Russell-Saunders
coupling [34]. It is generally believed that the electron transfer of
1S0→3P0 or 1S0→3P2 is prohibited in the energy level transition of
the ion. At the same time, owing to the spin-orbit coupling, the
electron transfer between 1S0→1P1 and 1S0→3P1 is a parity-
allowable transition [39,40]. Sb3+ ions have a typical 5s2 elec-
tronic state. Its common spectral absorption and emission ori-
ginate from the corresponding electronic transition energy
between the ground state 1S0 and singlet state 1P1 (high energy
level) and triplet state 3P1 (low energy level), respectively. There
is also an electron transfer channel from 1P1 to 3P1, called inter-
system crossing (ISC) between the two energy levels [30]. We
describe the electron transfer schematic diagram of Sb3+ ions in
CaZnOS:Sb3+ in Fig. 2c.
Combining our above descriptions of the PL and the decay

curves, we can conclude that the 620-nm emission is attributed
to the 3P1→1S0 transition. Under excitation by the 280-nm light,
a large number of valence electrons change from the valence
band of the host to the conduction band, becoming excited-state
electrons; next, from the conduction band to 1P1, and from
1P1→3P1 through the ISC process, and then from 3P1→1S0, the
energy is released as light by emitting a strong 620-nm visible
light; finally, a small portion of the excited-state electrons
directly transfer from the valence band back to the conduction
band and the energy is released by non-radiative recombination.
The blue light emission at 465 nm is attributed to the electron

transition in the 3P1→1S0 process, and the band deformation
occurs because the 3P energy level is affected by the dynamic
Jahn-Teller effect [40–44], which causes the three kinds of
electron transition in the same 3P energy level to the ground
state 1S0. Therefore, when excited by a 340-nm light wave, the

Figure 2 (a) Photoexcitation and emission spectra of CaZnOS doped with Sb3+
. (b) Decay curve diagram of CaZnOS:Sb3+ corresponding to the PL. The

orange curve is the decay of 465 nm by the 340 nm; the blue curve is the decay of 620 nm recorded by an excitation wavelength of 340 nm; the red curve
corresponds to an excitation wavelength of 280 nm. Inset: the selected delay curves after being enlarged. (c) Schematic diagram of the charge transfer
mechanism of PL process in Sb3+-doped CaZnOS.
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valence electrons transfer from the ground state 1S0 to the
excited state 3P1, while most of the excited-state electrons return
to the ground state 1S0 to emit a broad emission centred around
of 465 nm. Because 3P1→1S0 is a fast decay process [45], there is a
fast process in the decay curves of 340–465 and 340–620 nm
(Fig. 2b). It can be observed that the ratio of the two main
emission peaks (465 nm:620 nm) is less than 1 (calculated to be
approximately 0.60) when excited by 307-nm excitation light
(Fig. 3a), and the corresponding chromaticity coordinates (x, y)
are (0.4128, 0.3340). When the excitation wavelength is gradu-
ally increased to 331 nm in steps of 4 nm, the ratio gradually
increases and becomes greater than 2 (calculated to be
approximately 2.10), and the corresponding colour coordinates
are (0.2858, 0.2440). As the excitation wavelength increases to
355 nm, the ratio gradually decreases and approaches 1
(approximately 1.08), and the corresponding colour coordinates
are (0.3496, 0.2932). The contrast heights of the two main
emission peaks showed good tunability under different excita-
tion wavelengths. We have also documented this dynamic
change in Video S1. This is because the 3P energy level of the
Sb3+ ion is deformed by the dynamic Jahn-Teller effect. Fig. 3b
depicts the corresponding colour coordinates for the excitation
light of 307–355 nm. By tuning the excitation of a single-doped
CaZnOS, the full visible colour range of the emission spectra of
CaZnOS:Sb3+ from orange-red to blue-white can be realised. The
novel feature is that a single rare-earth-free phosphor can emit
warm white light (0.3358, 0.2803) close to standard white light
(0.33, 0.33). This emission characteristic makes CaZnOS:Sb3+ a
highly promising material for advanced displays and related
piezophotonic fields [2].
In the next section, we discuss the ML of CaZnOS:Sb3+. ML

materials with excellent performance are usually composed of
luminescent piezoelectric hosts and luminescent ions. CaZnOS
is a new type of ML semiconductor matrix with physical prop-
erties similar to ZnS [46–48], but it has more flexible and
optional doping crystal positions. Mn2+ is a well-known dopant
in classic mechanoluminescent materials with good performance
[48–51]. The ML of Mn2+-doped CaZnOS has been widely
reported, which shows a strong orange light emission near
620 nm and is considered to be the d-d transition process
between the Mn2+ ion energy levels (4T1(4G)→6A1(6S) launch)

[52]. To further compare the ML performance of CaZnOS:Sb3+
and CaZnOS:Mn2+, we compared the Sb3+ and Mn2+ emissions
and normalised the full width at half maximum (FWHM) of
their ML in Fig. 4a. It is noteworthy that the FWHM of CaZnOS:
Sb3+ is approximately two times larger than that of
CaZnOS:Mn2+.
In addition, the ML of CaZnOS:Sb3+ and CaZnOS:Mn2+

essentially coincides at 620 nm. The difference is that CaZnOS:
Sb3+ has a peak at 465 nm, which is quite consistent with the PL
image excited by 280-nm of CaZnOS:Sb3+, indicating that the
ML of CaZnOS doped with Sb3+ has the same emission process
and the same activators. When the CaZnOS:Sb3+ crystal is sub-
jected to an external force, the piezoelectric field generated by
the coordinated effect of doped ions and defects in the CaZnOS
matrix enables electrons to escape from traps to combine with
holes in the valence to form an e–h pair [53,54]. In this process,
energy is transferred to Sb3+ ions through non-radiative
recombination, which achieves an energy transfer process con-
sistent with PL emission [34–36]. In Fig. 4b, the ML integrated
intensity curve corresponding to different Sb3+ ion doping
concentrations shows that when the doping concentration is
0.5%, the corresponding ML intensity reaches its maximum
value. When the doping concentration exceeded 0.5%, the ML
intensity started to decrease. This phenomenon is attributed to
the quenching of the luminous intensity caused by the high
doping concentration. We also recorded the dynamic ML pro-
cess of CaZnOS:0.5%Sb3+ under the scrape of a ball-point pen
(Video S2). Fig. 4c shows that the ML peak intensity at 620 nm
increases linearly, while the peak intensity at 465 nm exhibits a
small change under different forces, which makes the ML colour
appear orange-red (Fig. S4), and the ML and PL spectra of ZnS:
Sb3+ and CaO:Sb3+ show that the PL and ML only came from
CaZnOS:Sb3+ (Fig. S5). Therefore, we co-doped Bi3+ and Sb3+ to
enhance the peak at 465 nm. Fig. 4d shows the ML spectrum of
the CaZnOS:Sb3+/Bi3+ sample, showing an ML emission range of
400–900 nm, which completely contains the visible spectrum
(400–780 nm). We recorded the dynamic ML process (Video S3)
of this sample at room temperature and recorded its PL (Fig. S6);
it can be seen that CaZnOS:Sb3+/Bi3+ appears as warm white ML
under the action of the scraping force. The chromaticity coor-
dinates of the ML colours of the three different samples are

Figure 3 (a) CaZnOS:Sb3+ PL emission intensity changes with different excitations from 307 to 355 nm (adjacent excitation wavelength difference is 4 nm).
(b) Commission International de l′Eclairage (CIE) shows the colour change of the emitted light wave corresponding to the excitation wavelength of
307–355 nm. Inset: enlarged image of the corresponding chromaticity coordinate point within the dotted line.
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shown in Fig. 4e, where we synthesised co-doped
CaZnOS:Sb3+/Bi3+ and CaZnOS:Bi3+ by the high-temperature
solid-phase method [55–57]; these results show that co-doping
can effectively change the colour of ML. Fig. 4f shows a single-
frame image taken from the video recording of the dynamic
process (Video S3), showing warm white ML emission.
Interestingly, we found that the sample exhibits bright lumi-

nescence under X-ray irradiation through the transparent pro-
tective window in the process of X-ray powder diffraction, and
thus we systematically tested the fluorescence emission of the
sample under X-ray excitation [58,59]. The X-ray-induced
emission performance of Sb3+-doped CaZnOS is shown in
Fig. 5a, b, and an ultra-wide emission ranging from 300 to
850 nm was observed in the XIL spectra. When comparing the
XIL, PL, and ML spectra, we found that the emission at 465 nm
< x < 500 nm of XIL was significantly enhanced and the main
emission peak shifted forward by 20 nm compared with PL (with
the main emission peak at 620 nm), which may be explained by
the fact that the X-rays of short wavelength carried higher
energy, causing the emission to blue-shift towards shorter
wavelengths. When the working current was fixed at 40 μA, the
integrated intensity of the XIL spectra did not increase linearly
with the increase in the working voltage. This can be attributed
to the increase in the energy carried by the electrons as the
accelerating voltage increased, and the X-ray photons generated
as the cathode material was bombarded; thus, the number of e–h
pairs generated by exciting the sample per unit time increased,
resulting in a non-linear correlation between the working vol-
tage and the XIL intensity. Furthermore, when we fixed the
working voltage at 50 kV, the linear change in the XIL intensity
was consistent with the change in current. This can be explained

by the fact that the XIL intensity linearly increased and the
energy of a single X-ray photon remained unchanged with an
increase in the working current.
We further tested the XIL of samples with different con-

centrations, and their integral intensities showed good regularity
(Fig. S7). These features make the CaZnOS:Sb3+ material suitable
for X-ray visualisation and sensing applications. Fig. 5d shows a
real photograph of XIL for the sample with X-ray on (Open) and
off (Close, taken 10 s after the X-ray was turned off), showing a
light orange luminescence and a long afterglow phosphorescence
characteristic (Video S4). If the particles can be made small
enough in the future, they are expected to have applications in
biological and chip monitoring [60–65].

CONCLUSION
We have successfully synthesised a series of Sb3+-doped CaZnOS
ML semiconductors, which showed that the single ML material
CaZnOS:Sb3+ has broad-spectrum emission and three different
emission modes originating from the Sb3+ dopants, i.e., PL, ML,
and XIL. We found that the broad-spectrum emission char-
acteristics of CaZnOS:Sb3+ are related to the 3P energy level of
Sb3+ ions, which is affected by the dynamic Jahn-Teller effect;
therefore, its PL emission spectrum has two peaks with tunable
intensity at different excitation wavelengths at 465 and 620 nm.
By adjusting the excitation wavelength, we can change the PL
colour of CaZnOS:Sb3+ from orange to blue. This feature of
adjustable bimodal intensity was first discovered in all single ML
materials, and thus it is expected to be used in the field of rare-
earth-free and low-toxicity white light displays, as well as in
mechanical information coding and transmission. CaZnOS:Sb3+
shows a broad ML emission, including a two-peak emission (465

Figure 4 ML studies of CaZnOS:Sb3+. (a) Normalised ML spectra of Sb3+- and Mn2+-doped CaZnOS recorded under the applied force of 60 N, where the
FWHMs corresponding to Sb3+ and Mn2+ ions are 135.619 and 76.067 nm, respectively; (b) CaZnOS:x mol% Sb3+ (x = 0, 0.1, 0.5, 1, 4, and 6) ML intensity
integral image; (c) ML spectrum of CaZnOS:0.5% Sb3+ at different forces; (d) ML image of CaZnOS co-doped with 4% Sb3+ and 5% Bi3+, where the image is
smoothed with a window width of 0.05-LOWESS (LOWESS: locally weighted scatterplot smoothing); (e) CIE coordinates of ML image of 1% Bi3+-doped
CaZnOS, CaZnOS co-doped with 4% Sb3+ and 5% Bi3+, and 1% Sb3+-doped CaZnOS; the coordinates are (0.3128, 0.3960), (0.3479, 0.4093), and (0.5136,
0.4111); (f) photograph of ML image at room temperature, corresponding to (d).
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and 620 nm), which is consistent with the PL, and we also found
that the ML colour will change because of the change in the two
peak intensities under different forces. In addition, the FWHM
of the ML of CaZnOS:Sb3+ is approximately 1.78 times wider
than that of the classical ML material CaZnOS:Mn2+. Co-doping
with Bi3+ can achieve warm white broadband ML emission from
a single sample. In addition, we found that CaZnOS:Sb3+ has XIL
and long afterglow characteristics, which provides the possibility
for the application of CaZnOS:Sb3+ in X-ray intensity visuali-
sation. The CaZnOS:Sb3+ layered semiconductor is expected to
be applied in the fields of stress sensors, UV light and X-ray
detection, white light illumination, and laser wavelength visua-
lisation.
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Sb掺杂的CaZnOS层状半导体中的宽带多模发射
李旭1†, 郑元钿1†, 马荣华1†, 黄泽锋1, 王春枫1, 朱明炬1, 蒋福春1,
杜阳阳2, 陈献2, 黄勃龙3, 王锋4, 王博涵5, 王瑀5, 彭登峰1*

摘要 力致发光 (ML) 智能材料由于其独特的机械能-光能转换特性,
有望用于应力传感器、新型显示和先进的柔性光电器件. 然而, 单一材
料的窄波长范围ML发射特性限制了它们的应用范围. 在这项工作中,
我们报道了Sb掺杂的CaZnOS层状半导体中的宽带多模态发射. 使用高
温固相法合成了一系列具有不同Sb3+掺杂浓度的CaZnOS层状结构粉
末. CaZnOS:Sb3+荧光粉实现了400–900 nm ML的宽谱发光范围, 可调
光致发光,两个发射峰位于465和620 nm,我们还系统研究了X射线诱导
发光特性. 我们还实现了Sb3+和Bi3+共掺杂样品的超宽暖白光ML发射.
因此, 这些 ML 荧光粉将有望用于智能照明、显示、可见应力传感器
以及 X 射线成像和检测.
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