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ABSTRACT: Recently, low-dimensional copper(I)-based perovskite or derivatives have gained extensive attention in scintillator
applications because of their environmental friendliness and good stabilities. However, the unsatisfactory scintillation performance
and complex fabrication processes hindered their practical applications. Herein, efficient yellow emissive CsCu2I3 nanocrystals
(NCs) were successfully prepared via a simple Mn2+-assisted hot-injection method. The added Mn2+ effectively induced the phase
transformation from Cs3Cu2I5 to CsCu2I3, leading to the preparation of single-phase CsCu2I3 NCs with few defects and a high
fluorescence performance. The as-prepared “optimal CsCu2I3 NCs” exhibited superior photoluminescence (PL) performance with a
record-high PL quantum yield (PLQY) of 61.9%. The excellent fluorescence originated from the radiative recombination of strongly
localized one-dimension (1D) self-trapped excitons (STEs), which was systematically investigated via the wavelength-dependent PL
excitation, PL emission, and temperature-dependent PL spectra. These CsCu2I3 NCs also exhibited outstanding X-ray scintillation
properties with a high light yield (32000 photons MeV−1) and an ultralow detection limit (80.2 nGyair s−1). Eventually, the CsCu2I3
NCs scintillator film achieved an ultrahigh (16.6 lp mm−1) spatial resolution in X-ray imaging. The CsCu2I3 NCs also exhibited good
stabilities against X-ray irradiation, heat, and environmental storage, indicating their great application potential in flexible X-ray
detection and imaging.

1. INTRODUCTION
Scintillators, which can convert high-energy photons (such as X-
ray photons) into ultraviolet or visible ones, play significant roles
in many fields, including medical imaging, nondestructive
testing, security inspection and industrial control.1−6 Tradition-
ally, CsI(Tl), Lu1.8Y0.2SiO5:Ce (LYSO), Bi4Ge3O12 and
LaBr3:Ce are the most used scintillators.

7,8 However, these
scintillators exhibit several disadvantages, such as complex
fabrication processes, high preparation cost, low light yield (LY)
and poor stability. For example, CsI(Tl) films are produced via
time-consuming thermal deposition.9 LYSO bulk crystals are
fabricated at high temperatures (>1500 °C) via the Czochralski
method, resulting in high preparation costs.10,11 In addition, the
obtained bulk scintillators are inherently brittle, which limits
their applications in flexible X-ray detection and imaging.
Bi4Ge3O12 exhibits an ultralow LY of 9000 photons MeV−1.12

Thus, it is urgent to develop new scintillators with easy
preparation, low fabrication cost, solution-processability, high
LY and good stability.13,14 Lead-halide perovskite nanocrystals
(NCs) were the first reported scintillators prepared via a facile
solution strategy. They exhibited several exciting scintillation
properties, including fast scintillation response, strong X-ray
absorption, ultrasensitive X-ray sensing and tunable radio-
luminescence (RL).15−23 However, their practical applications
were hindered by their relatively low LY (21000 photons
MeV−1), poor environmental stability and lead toxicity.17,24,25

Recently, low-dimensional Cu(I)-based perovskite or deriv-
atives have attracted extensive attention as scintillators due to
their high PL quantum yield (PLQY), easy fabrication, good
stability and nontoxicity.26−34 For example, Tang’s group

synthesized one-dimensional (1D) perovskite Rb2CuCl3 with
ultrahigh PLQY (99.4%) and good stability via a facile solution
method. The Rb2CuCl3 also demonstrates an acceptable LY of
16600 photons MeV−1 under X-ray irradiation.26 Besides,
Tang’s group also fabricated a stable 1D perovskite Rb2CuBr3
scintillator with ultrahigh LY (97000 photons MeV−1).35

Nevertheless, the high natural radioactivity of Rb in Rb2CuBr3
and Rb2CuCl3 dramatically limits their practical applications.
Via replacing Rb+ ions with Cs+, many other low-dimensional

Cu(I)-based perovskite or derivatives have also been reported,
including CsCu9X10 (X = Cl, Br, and I), CsCu4X5, CsCu2X3,
CsCuX2, Cs3Cu2X5 (X = Cl, I) and Cs2CuX3.

36−38 Among these
compounds, zero-dimensional (0D) Cs3Cu2I5 has received
particular attention and has been reported as an efficient
scintillator. The deficiency is the long fluorescence lifetime
(∼1500 ns) of 0D Cs3Cu2I5, which is not favorable for fast X-ray
detection and imaging.29 In comparison, 1D CsCu2I3 features a
much shorter fluorescence lifetime (∼50 ns).37 In addition, the
advantages of 1D CsCu2I3 in scintillation applications include:
(i) strong electron−phonon coupling to form self-trapped
excitons (STEs) for radioluminescence; (ii) unique 1D crystal
structure to ensure efficient separation and stable existence of
excitons; (iii) no radiation background to ensure a low X-ray
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detection limit and (iv) good stability, etc.39,40 Whereas, there
are few reports about CsCu2I3 as a scintillator, due to its
unsatisfied X-ray scintillation performance. Moreover, the
reported methods for preparing 1DCsCu2I3 are usually complex
and time-consuming, such as the Bridgman method, inverse
solvent recrystallization method and inverse temperature
crystallization method.37,41,42 Thus, it is of significance to
synthesize an efficient CsCu2I3 scintillator via a simple and
efficient (time-saving) route.
Herein, a facile Mn2+-assisted hot-injection route was adopted

to synthesize efficient yellow emissive CsCu2I3 NCs. It is found
that adding a small amount of Mn2+ could effectively induce the
phase transformation from Cs3Cu2I5 to CsCu2I3 during the
synthesis process. Via optimizing the additive amount of Mn2+,
the “optimal CsCu2I3 NCs” with single-phase purity and few
defects were obtained when the addition amount of Mn2+ was
0.02 mmol. The as-obtained optimal CsCu2I3 NCs exhibited
outstanding photoluminescence (PL) performance with a
record-high PLQY of 61.9%. The excellent fluorescence
performance of the optimal CsCu2I3 NCs was attributed to
the strongly localized 1D STEs emission, which was systemati-
cally investigated by the wavelength-dependent PL excitation,
PL emission, and temperature-dependent PL spectra. Superior
scintillation properties (a high LY of 32000 photons MeV−1 and
an ultralow X-ray detection limit of 80.2 nGyair s−1) were also
achieved for the optimal CsCu2I3 NCs. Eventually, the CsCu2I3
NCs scintillator film demonstrated an ultrahigh spatial
resolution (16.6 lp mm−1) in X-ray imaging. These CsCu2I3
NCs also displayed good stabilities against X-ray irradiation,
heat, and environmental storage, suggesting their huge
application potential in flexible X-ray detection and imaging.

2. EXPERIMENTAL SECTION
2.1. Materials. Cs2CO3 (99.9%), CuI (99.95%), Mn-

(CH3COO)2·4H2O (99.99%), Oleic acid (OA, 90%), 1-
Octadecene (ODE, tech.90%) Oleylamine (OAm, 80−90%)
and n-hexane (HPLC,≥ 98%)were all purchased from Shanghai
Aladdin Bio-Chem Technology Co., LTD and were used as
received.

2.2. Synthesis of Cs-Oleate (CsOA) Precursor. The
CsOA precursor was synthesized via a previous route.43 Briefly,
Cs2CO3 (1mmol), OA (2mL) andODE (10mL) were put into
a three-neck flask (100 mL), and the mixture was kept stirring at
120 °C for 60 min under vacuum. The CsOA precursor was
obtained when the solution became transparent. After that, the
as-obtained CsOA precursor was kept at 100 °C in a N2
atmosphere for the subsequent preparation of CsCu2I3 NCs.
2.3. Synthesis of CsCu2I3 NCs. A modified hot-injection

method was adopted to prepare the CsCu2I3 NCs. Briefly, CuI
(2mmol),Mn(CH3COO)2·4H2O (0.00mmol, 0.01mmol, 0.02
mmol, 0.04 mmol, 0.06 mmol), OAm (1.5 mL), OA (0.5 mL)
and ODE (10 mL) were put into a three-neck flask (100 mL),
and the reaction system was kept stirring at 120 °C for 60 min
under vacuum. After all the reactants were dissolved, the
reaction system was heated to 150 °C under an N2 atmosphere.
Subsequently, the CsOA solution (6 mL) was injected into the
flask quickly, and a white precipitate was formed immediately.
Five min later, an ice−water bath was used to cool the reaction
system to room temperature, and the perovskite NCs were
obtained (as displayed in Figure S1). Then, the as-obtained NCs
were washed/purified with n-hexane and centrifuged at 10000
rpm for 10 min. The washing/filtering was repeated several
times. Finally, the collected NCs were dried under a vacuum for
24 h at 70 °C for further characterization.
2.4. CsCu2I3 NCs Scintillator Film and Characterization

Methods. Detailed descriptions of the preparation of the
CsCu2I3 NCs scintillator film, and the characterization methods
are presented in the Supporting Information.

3. RESULTS AND DISCUSSION
3.1. Crystal Structure and Morphology Character-

ization. To investigate the crystal structure and phase
composition of the prepared perovskite NCs, X-ray diffraction
(XRD) characterization was carried out for different samples. As
shown in Figure 1a, two groups of XRD peaks can be observed,
which are ascribed to orthorhombic CsCu2I3 (PDF#45-0076)
and Cs3Cu2I5 (PDF#45-0077), respectively, demonstrating the
coexistence of CsCu2I3 and Cs3Cu2I5 without Mn2+ addition in
the synthesis process. With the addition of Mn2+ gradually

Figure 1. (a) XRD patterns and (b) PL spectra of the CsCu2I3 (or Cs3Cu2I5) NCs synthesized with different additive amount of Mn2+; (c) Crystal
structure (a top view), (d) TEM image, (e) HRTEM image and (f) EDXmapping of Cs, Cu, I elements of the optimal CsCu2I3 NCs. A top view of the
CsCu2I3 NCs exhibits the double chains of [Cu2I6]4− isolated by Cs atoms.
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increasing to 0.02 mmol, the characteristic XRD peaks of
Cs3Cu2I5 disappear, and only those of CsCu2I3 exist, indicating
the successful preparation of “pure-phase CsCu2I3 NCs”. It has
been reported that dopants can destroy the balance of the Cs−
Cu−I system and induce phase transformation fromCs3Cu2I5 to
the more stable CsCu2I3. However, the phase transformation
process will not be reversed under the same circumstance
because the impurities could not induce CsCu2I3 to Cs3Cu2I5.

44

Therefore, in this work, the role of the added Mn2+ is deemed to
be conversion revulsive, which induces the phase transformation
from Cs3Cu2I5 to CsCu2I3, thus resulting in the fabrication of
pure-phase CsCu2I3 NCs. No new species but only the single
CsCu2I3 phase exists when the amount of Mn2+ is 0.02 mmol or
more. Besides, no diffraction peaks attributed to precursors (e.g.,
CsOA, CuI and Mn(CH3COO)2) appear, demonstrating the
complete reaction of precursors to form the single-phase
CsCu2I3.

45 Accordingly, the PL result is consistent with the
XRD characterization. As shown in Figure 1b, the PL spectrum
of the NCs prepared without Mn2+ additive displays dual
emission peaks at 445 and 580 nm, corresponding to the
characteristic PL spectra of Cs3Cu2I5 and CsCu2I3 NCs,
respectively.44 With the amount of Mn2+ gradually increasing
to 0.02mmol, the PL intensity of the peak attributed to Cs3Cu2I5
(445 nm) gradually weakens to disappear. Meanwhile, the PL
intensity of the peak attributed to CsCu2I3 (580 nm) gradually
increases. However, when the amount of Mn2+ was further
increased to 0.04 mmol or more, the PL intensity of the pure-
phase CsCu2I3 NCs gradually decreases. This could be
attributed to the fact that too much Mn2+ can destroy the
surface of CsCu2I3 NCs via detaching the OA/OAm ligands off
the NCs surface, leading to the exposure of more surface defects,
thus causing nonradiative recombination of excitons. Thus,
pure-phase CsCu2I3 NCs with fewer defects are obtained when
Mn2+ is 0.02 mmol. Hereafter, the CsCu2I3 NCs synthesized

with 0.02 mmol of Mn2+ are designated as “optimal CsCu2I3
NCs”. It can be seen from the crystal structure illustration
(Figure 1c), the optimal CsCu2I3 NCs exhibit a 1D structure, in
which edge-sharing and face-sharing Cu+I4 tetrahedra form
double chains of [Cu2I6]4− octahedra along the c-axis separated
by cesium.46 To investigate the morphology, microstructure,
and element composition, transmission electron microscopy
(TEM), high-resolution TEM (HRTEM), energy dispersive X-
ray (EDX) mapping, and scanning electron microscopy (SEM)
of the optimal CsCu2I3 NCs were obtained. The optimal
CsCu2I3 NCs exhibit a uniform cubic-like morphology (1−2
μm) with multilayer structure (Figure 1d and Figure S2), and
lattice fringes with a spacing of 0.824 nm can be observed clearly
(Figure 1e), corresponding to the (110) plane of CsCu2I3 NCs.
The corresponding constituent elements of Cs, Cu, and I are
uniformly distributed (Figure 1f), and the atomic ratio is
1.0:2.1:3.0 as revealed by quantitative analysis (Figure S3),
consistent with the ideal stoichiometric ratio of CsCu2I3,
demonstrating the successful preparation of pure-phase
CsCu2I3 NCs. Besides, the X-ray photoelectron spectroscopy
(XPS) test was also conducted to prove that the Cu element
existed as Cu+ rather than Cu2+, and no Mn element was
incorporated in the optimal CsCu2I3 NCs (Figure S4). The
obtained ICP-AES data of the optimal CsCu2I3 NCs (see Table
S1) also demonstrates that no Mn element exists in the as-
prepared CsCu2I3 NCs.
3.2. Photoluminescence Properties. Figure 2 presents

the photoluminescence properties of the optimal CsCu2I3 NCs.
The as-prepared CsCu2I3 NCs exhibit a strong PL emission
centered at 580 nm and an excitonic absorption centered at 330
nm (Figure 2a).46 Thus, a large Stokes shift of 250 nm is
calculated for optimal CsCu2I3 NCs. Such a large Stokes shift
suggests negligible self-absorption, which is extremely beneficial
to the luminous performance of the optimal CsCu2I3 NCs since

Figure 2. PL characterizations of the optimal CsCu2I3 NCs. (a) Excitation and emission spectra. (b) CIE 1931 color coordinates. (c) Absolute PL
quantum yield (PLQY) result. (d) PL decay curve. (e) Wavelength-dependent PL excitation spectra. (f) Wavelength-dependent PL emission spectra.
(g) Temperature-dependent PL spectra. (h) Fitting curve of the PL intensity versus the temperature. (i) Fitting curve of the FWHM versus the
temperature.
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self-absorption will seriously affect the luminous efficiency of
scintillators. The CIE 1931 chromaticity coordinate of the
optimal CsCu2I3 NCs is (0.39, 0.45) (Figure 2b), displaying
standard yellow-light emission. The PLQY of the optimal
CsCu2I3 NCs is calculated to be 61.9% (Figure 2c), which is a
record-high value of the reported CsCu2I3 and is comparable to
that of the best of the all-inorganic yellow-emitting lead halide
perovskites (see Table S2), demonstrating the superior emission
performance of the as-prepared samples. The PLQYs of other
obtained NCs samples are much lower than that of the optimal
CsCu2I3 NCs (Figure S5), demonstrating that the optimal
CsCu2I3 NCs with pure-phase and fewer defects could exhibit
more efficient PL performance due to the reduced nonradiative
recombination of excitons. Then, as seen from the time-resolved
PL (TRPL) decay curve result measured at 580 nm, the exciton
lifetime of the optimal CsCu2I3 NCs is calculated to be 58.92 ns
(Figure 2d), which is consistent with previous reports.37 The
TRPL decay curves of all perovskite NCs samples synthesized
with different amounts of Mn2+ additive could also be well-fitted
by a single exponential attenuation equation (Figure S6). With
the increase of Mn2+ content from 0.00 to 0.02 mmol, the
fluorescence lifetime shows an increasing trend. It reaches the
maximum value when theMn2+ content is 0.02 mmol. However,
it can be observed that the lifetime of CsCu2I3 NCs is slightly
shortened when the Mn2+ amount exceeds 0.02 mmol. This
phenomenon could be ascribed to the fact that excessive Mn2+
can destroy the surface of CsCu2I3 NCs via detaching the OA/
OAm ligands off the NCs surface, leading to the exposure of
more surface defects and the reduction of fluorescence lifetime.
To explore the fluorescence origin of the optimal CsCu2I3

NCs, we investigated wavelength-dependent PL excitation
(PLE) and emission spectra. As presented in Figure 2e, the

line shape and peak position of the PLE spectra at different
emission wavelengths (460−620 nm) remain almost the same.
Besides, the PL spectra at different excitation wavelengths
(250−350 nm) also exhibit an identical line shape and emission
peak (Figure 2f). Thus, it can be concluded that the PL emission
derives from the recombination of an identical excited state, and
the possible defect emission could be excluded.47 The large
Stokes shift (∼250 nm), high PLQY (61.9%) and relatively long
fluorescence lifetime (58.92 ns) of the optimal CsCu2I3 NCs
suggest that the STEs are the most likely origin of the PL
emission.48

To further investigate the PL process, temperature-dependent
PL spectra of the optimal CsCu2I3 NCs were also obtained. As
exhibited in Figure 2g, the full width at half-maximum (FWHM)
decreases with the PL intensity increasing monotonously when
the temperature drops from 355 to 255 K. This phenomenon is
consistent with materials whose PL emission derives from
STEs.45 It could be attributed to the gradually weakened
nonradiative recombination and electron−phonon coupling as
the temperature drops. Besides, no other emission peaks related
to heat-induced defects can be observed, indicating good
thermal stability of the as-prepared optimal CsCu2I3 NCs.
Figure 2h exhibits the normalized PL intensity (I) versus the
temperature (T), from which the exciton binding energy (Ea) of
the optimal CsCu2I3 NCs can be fitted and calculated via
Equation 1:

=
+

I T
I

A E k T
( )

1 exp( / )
0

a B (1)

where I0 is the I at T = 0 K; A is a fitting coefficient; kB is the
Boltzmann constant. The Ea of the optimal CsCu2I3 NCs is fitted
to be 336 meV, which significantly exceeds the value (20−75

Figure 3. X-ray scintillation properties. (a) RL intensity of CsCu2I3 NCs and CsI(Tl) with the same dose rate. (b) Proposed radioluminescence
mechanism. (c) Absorption coefficients of CsI(Tl), CsPbBr3, and CsCu2I3 NCs. (d) Signal-to-noise ratio versus X-ray dose rate of CsCu2I3 NCs and
CsI(Tl). (e) Normalized RL intensity of CsCu2I3 NCs under continuous X-ray irradiation. (f) Normalized PL intensity of CsCu2I3 NCs during five
cycles of heating/cooling from 255 to 375 K. (g) RL intensity at different storage periods. (h) Normalized RL intensity of the stored (in air for 30 days)
CsCu2I3 NCs.
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meV) of CsPbX3 NCs.
22 The large Ea values of the optimal

CsCu2I3 NCs can be attributed to the strong exciton
confinement of their unique 1D structure. Such a large Ea
could ensure the stable existence of excitons in the optimal
CsCu2I3 NCs for efficient PL emission. Moreover, the FWHM
versus the temperature (T) was described via the Huang−Rhys
model to further investigate the electron−phonon coupling
strength (as presented in Figure 2i). Equation 2 shows the
Huang−Rhys equation:

= S
k T

FWHM 2.36 coth
2phonon

phonon

B (2)

where the S factor is the parameter describing the electron−
phonon coupling strength, ℏωphonon is the phonon frequency (ℏ,
Planck constant), and kB is the Boltzmann constant. The
calculated S factor and ℏωphonon of the optimal CsCu2I3 NCs are
38.6 and 19.8 meV, respectively. The S factor of the optimal
CsCu2I3 NCs dramatically exceeds that of CsPbX3 NCs,
indicating that the optimal CsCu2I3 NCs have a stronger
electron−phonon coupling.49 Considering that the fitted
ℏωphonon (19.8 meV) is very close to that of the reported Cs-
based perovskite, the above fittings can be regarded as reliable.
The relatively long fluorescence lifetime, big S factor, and large
Stokes shift of the optimal CsCu2I3 NCs figure out that the PL
originates from STEs.
3.3. X-ray Scintillation Properties and Mechanism.

Then, the X-ray scintillation properties of the optimal CsCu2I3
NCs were also studied. Consistent with the PL emission (shown
in Figure 2a), the optimal CsCu2I3 NCs also exhibit a broadband
RL emission that peaked at 580 nm (Figure 3a), suggesting an
identical RL mechanism. As a reference, the RL spectrum of CsI
(Tl) (54000 photons MeV−1) can also be found in Figure 3a.
Consequently, the LY of the optimal CsCu2I3 NCs is
determined to be 32000 photons MeV−1 via integrating the
peak area, which significantly exceeds the typical commercial
BGO scintillator (∼8000 photonsMeV−1) and is superior to the
commercial LYSO scintillator (20000−30000 photons MeV−1)
or the reported CsPbBr3 NCs scintillator (30000 photons
MeV−1).50 As far as we know, the calculated LY in this work is
the highest value among the reported CsCu2I3 scintillators. The
proposed RL scintillation process of the optimal CsCu2I3 NCs is
shown in Figure 3b. First, the electrons in the inner shells of the
heavy atoms of CsCu2I3 NCs were excited to higher energy
levels under X-ray irradiation. Then, the high-energy electrons
avalanched, generating tremendous secondary electrons. Sub-

sequently, the secondary electrons turned into free electrons via
thermalization and further transformed into STEs. Finally, the
STEs underwent rapid radiative recombination, and RL was
generated. Figure 3c displays the absorption coefficient curves of
typical CsI (Tl), CsPbBr3 and the optimal CsCu2I3 NCs
scintillators at different photon energies based on a web
database.51 It can be observed that the optimal CsCu2I3 NCs
present stronger X-ray absorption capacity than does CsPbBr3
and are comparable to CsI (Tl). The strong X-ray absorption of
the CsCu2I3 NCs benefits its excellent RL performance. Then,
the RL intensity of the optimal CsCu2I3 NCs at different X-ray
dose rates was obtained to investigate their sensitivity. The
signal-to-noise ratio (SNR) of the NCs exhibits good linearity
with the X-ray dose rates (Figure 3d). Thus, an ultralow
detection limit of 80.2 nGyair s−1 (when the SNR is 3) is
determined for the optimal CsCu2I3 NCs. This detection limit is
far below the value required for a medical diagnosis (5.5 μGyair
s−1). In addition, the RL intensity of the optimal CsCu2I3 NCs
was maintained at 94.2% after 120 min continuous X-ray
irradiation (53.6 μGy s−1), demonstrating excellent stability
against X-ray irradiation (Figure 3e). We also recorded the PL
intensity of the optimal CsCu2I3 NCs during five cycles of
heating/cooling from 255 to 375 K to evaluate the thermal
stability. Surprisingly, the PL intensity of the recycled CsCu2I3
NCs was maintained at 95% (Figure 3f). Besides, the XRD
pattern and TEM image of the recycled CsCu2I3 NCs were
almost unchanged (Figure S7), demonstrating the excellent
thermal stability, which also could be confirmed by the
thermogravimetric analysis result (Figure S8). We monitored
the RL intensity of the optimal CsCu2I3 NCs (25 °C, humidity
of 60%) for 30 days to evaluate their storage stability. As
exhibited in Figure 3g,h, the RL intensity of the stored (in the air
for 30 days) CsCu2I3 NCs maintained at >90% of the original
value. Moreover, the XRD pattern of the stored optimal CsCu2I3
NCs was almost unchanged (Figure S9), indicating the superior
storage stability of the as-prepared CsCu2I3 NCs.
3.4. X-ray Imaging Performance. Eventually, a home-

designed X-ray imaging system was developed to investigate the
practical X-ray imaging performance of optimal CsCu2I3 NCs.
Figure 4a exhibits the placing order of the X-ray source, imaging
object, CsCu2I3 NCs scintillator film, and camera in the imaging
process. It is worth noting that good bendability was obtained
for the scintillator film coated on the PVC flexible substrate
(Figure 4b). To evaluate the imaging quality, we investigated the
spatial resolution of the scintillator film by obtaining an X-ray
image of a standard X-ray test-pattern plate. The CsCu2I3 NCs

Figure 4. (a) Schematic illustration of the home-designed X-ray imaging system. (b) Photograph of the flexible CsCu2I3 NCs scintillation film. (c)
Photograph (left) and X-ray image (right) of a standard X-ray test-pattern plate based on the flexible CsCu2I3 NCs film. (d) Photograph (left) and the
corresponding X-ray image (right) of a SD card.
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scintillator film displayed a spatial resolution of 16.6 lp mm−1

(Figure 4c), which exceeds most commercial inorganic
scintillators and the reported lead-based perovskite scintilla-
tors,52 demonstrating the great potential of the CsCu2I3 NCs for
high-resolution X-ray imaging. Figure 4d exhibits the X-ray
image of an SD card obtained from the homemade imaging
system. The internal construction of the SD card, which is
opaque to visible light, can be observed clearly from the captured
X-ray image, suggesting the excellent X-ray imaging perform-
ance of optimal CsCu2I3 NCs.

4. CONCLUSIONS
In summary, efficient yellow emissive CsCu2I3 NCs with single-
phase purity and few defects were prepared via a simple Mn2+-
assisted hot-injection method. It is found that adding a small
amount of Mn2+ could effectively induce the phase trans-
formation from Cs3Cu2I5 to CsCu2I3, leading to the preparation
of pure-phase CsCu2I3 NCs with few defects and high
fluorescence performance. The as-prepared “optimal CsCu2I3
NCs” exhibited superior PL performance with a record-high
PLQY of 61.9%. The fluorescence derived from the strongly
localized 1D STEs emission, which was systematically
investigated via the wavelength-dependent PL excitation, PL
emission, and the temperature-dependent PL spectra. Remark-
ably, the CsCu2I3 NCs also exhibited amazing scintillation
properties with a high LY (32000 photons MeV−1) and an
ultralow detection limit (80.2 nGyair s−1). Eventually, the
CsCu2I3 NCs scintillator film demonstrated an ultrahigh spatial
resolution (16.6 lp mm−1) in X-ray imaging. Good stabilities
against X-ray irradiation, heat, and environmental storage were
also achieved for the CsCu2I3 NCs. The work suggests the vast
application potential of CsCu2I3 NCs in flexible X-ray detection
and imaging.
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