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Perovskite Nanocrystals Initiate One-Step Oxygen Tolerant
PET-RAFT Polymerization of Highly Loaded, Efficient Plastic
Nanocomposites

Valentina Bellotti, Francesco Carulli, Sara Mecca, Matteo L. Zaffalon, Andrea Erroi,
Federico Catalano, Matteo Boventi, Ivan Infante, Francesca Rossi, Luca Beverina,
Sergio Brovelli,* and Roberto Simonutti*

Lead halide perovskite nanocrystals (LHP-NCs) incorporated within polymer
matrices have emerged as promising materials for various photonic applica-
tions. However, challenges persist in achieving high-quality nanocomposites
due to low monomer conversion yields, restricted LHP-NCs loadings, and
difficulty in maintaining NCs integrity post-polymerization. A novel protocol
for synthesizing LHP-NCs/poly(methyl methacrylate) nanocomposites
in a single step via the NC-initiated photoinduced electron transfer-reversible
addition-fragmentation chain transfer (PET-RAFT) method is presented. Poly-
merization initiation mediated by NCs surfaces under blue light enables the
fabrication of homogeneous nanocomposites with NCs loadings up to 7% w/w
and ≈90% monomer conversion even in the presence of oxygen. This process
preserves the optical quality of the NCs and passivates NCs surface defects,
resulting in nanocomposites exhibiting near unity luminescence efficiencies.
The potential of this approach for producing highly loaded nanocomposites
for radiation detection is validated by radioluminescence measurements
showing light yield values of 6000 ph MeV−1 and fast scintillation dynamics
with effective lifetime of 490 ps, showing promise for time-of-flight radiometry.

1. Introduction

Lead halide perovskite nanocrystals (LHP-NCs), represented by
the formula APbX3 (where A = CH3NH3

+, CH(NH2)2
+, Cs and
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X = Cl, Br, I), have garnered significant
attention in various technological domains
over the past decade.[1] The interest in these
materials stems from their notable charac-
teristics, including bright and narrow-band
photoluminescence (PL) with tunable emis-
sion across the visible spectrum,[2] excellent
PL quantum yield (PLQY),[1b,3] high absorp-
tion coefficient,[4] defect tolerance,[5] long
exciton diffusion length,[6] and low exciton
binding energies.[7] Particularly, LHP-NCs
have emerged as versatile candidates for ef-
ficient light emission in applications such
as artificial lighting,[2a,8] displays,[9] lumi-
nescent solar concentrators,[10] and scintil-
lator detectors for radiometric purposes.[11]

However, despite their promising character-
istics, LHP-NCs are plagued by long-term
instability, sensitivity to moisture, oxygen,
and thermal factors, as well as limited pro-
cessability, which hinder their effectiveness
for potential applications.[12] To address

these challenges, acrylic and methacrylic polymers, such as
poly(methyl methacrylate) (PMMA) or polystyrene (PS), have
been employed to encapsulate LHP-NCs.[13] This encapsulation
serves the dual purpose of producing manageable solid objects

I. Infante
BCMaterials
Basque Center for Materials
Applications
and Nanostructures
UPV/EHU Science Park
Leioa 48940, Spain
F. Rossi
IMEM-CNR Institute
Parco Area delle Scienze 37/A, Parma 43124, Italy

Adv. Funct. Mater. 2024, 2411319 2411319 (1 of 9) © 2024 The Author(s). Advanced Functional Materials published by Wiley-VCH GmbH

http://www.afm-journal.de
mailto:sergio.brovelli@unimib.it
mailto:roberto.simonutti@unimib.it
https://doi.org/10.1002/adfm.202411319
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fadfm.202411319&domain=pdf&date_stamp=2024-09-09


www.advancedsciencenews.com www.afm-journal.de

for integration into device schemes and enhancing their stability,
processability, and optical properties by passivating charge traps.
While the use of PS for the mass polymerization of LHP-NCs
nanocomposites is hindered by the high polymerization tempera-
tures required, which can lead to particle degradation,[14] PMMA
offers an advantage as it can be optically mass-polymerized at
lower temperatures that are tolerated by the LHP-NCs.[11c,15]

PMMA is a well-established commercial polymer with excellent
characteristics for fabricating plastic nanocomposites.[16] Its high
glass transition temperature provides mechanical stability, and it
offers simple manufacturing processes, and good optical prop-
erties. Current methods for fabricating LHP-NCs/polymer com-
posites primarily rely on three approaches: i) physically embed-
ding LHP-NCs into a polymer matrix using the solvent evapora-
tion method,[17] ii) directly synthesizing LHP-NCs within a poly-
mer solution via thermal annealing,[18] and iii) conducting in situ
mass polymerization of the polymer matrix in the presence of the
NCs.[15]

However, each of these techniques comes with its own set of
drawbacks. The solvent evaporation method, for instance, is not
suitable for large-scale production, involves the use of toxic sol-
vents, and tends to yield inhomogeneous composites with lim-
ited size control.[19] Direct synthesis of LHP into polymer so-
lution often results in uncontrolled NCs size and aggregation,
thereby impacting the optical quality of the resulting compos-
ite. In situ polymerization, while appealing for bulk nanocom-
posite production, typically relies on radical photoinitiators, such
as 2,2-dimethoxy-2-phenylacetophenone, activated under UV il-
lumination (typically at 365 nm). This UV light reliance lim-
its the maximum NCs loading due to competitive light absorp-
tion. Furthermore, these photoinitiators may potentially dam-
age the photophysical properties of the NCs, leading to lower
PLQY.[20] Both the Lalevée and Tan groups have demonstrated
that the use of UV photoinitiators can be circumvented by lever-
aging the LHP-NCs themselves as initiators for free radical poly-
merization (FRP).[21] While this approach resulted in improved
optical properties of the nanocomposites and good dispersity
of the NCs, it led to lower polymerization conversion and NC
loading. The limitations of LHP-NCs-initiated FRP in terms of
monomer conversion and particle loading are interconnected
and stem from the uncontrolled nature of the polymerization
technique, a high initiator concentration (i.e., the NCs loading)
negatively affects polymer chain termination.[22] On the other
hand, the selection of a more controlled radical polymerization
technique, such as the family of reversible deactivation radi-
cal polymerization (RDRP) allows for a constant radical con-
centration during polymerization, independent of the initiator
amount, potentially enabling higher LHP-NCs loading.[23] Of
the RDRP strategies, reversible addition-fragmentation chain-
transfer (RAFT) polymerization, together with the more recent
photocatalyzed PET (photoinduced electron transfer)-RAFT poly-
merization, are arguably two of the more versatile strategies.[24]

The initial work by Egap et al.[25] and subsequent research by Gao
et al.[26] have demonstrated the remarkable capability of CsPbX3
NCs to act as photoinitiators in PET-RAFT polymerization.[27]

This discovery offers significant advantages for the prepara-
tion of highly loaded LHP-NCs/polymer nanocomposites: i) In
RDRP, the amount of initiator does not affect the polymeriza-
tion yield, enabling the one-step synthesis of bulk composites

with high NCs content as photocatalysts (PCs). ii) The activa-
tion of the chain transfer agent (CTA) by photoexcited NCs oc-
curs at the catalyst interface.[24a,28] iii) Lewis bases, particularly
sulfur-based compounds like thiocarbonylthio-containing CTAs,
exhibit strong electron-donating properties, making them ideal
candidates for coordination with electron-deficient Pb atoms.[29]

This facilitates the PET process, prevents NCs agglomeration in
the polymer matrix, and helps passivate surface traps associated
with undercoordinated Pb cations, ultimately improving the op-
tical properties of the nanocomposite.

Despite significant progress in this field, low polymerization
yields and satisfactory LHP-NCs loadings remain common chal-
lenges for most reported in situ polymerization techniques. Ad-
dressing these challenges, we present an efficient protocol for
preparing CsPbBr3 NCs-PMMA nanocomposites in a one-pot,
one-step process through LHP-NCs-initiated PET-RAFT poly-
merization. The composites were synthesized at room temper-
ature, in the presence of oxygen, and without generating toxic
waste containing heavy metal ions. We achieved a remarkable
monomer conversion of methyl methacrylate (MMA) close to
90%, along with high LHP-NCs loadings (up to 7%). The em-
bedding process, monitored in situ during the polymerization
reaction and investigated theoretically via density functional the-
ory calculations, induced a positive evolution of the NCs in the
polymer matrix, enhancing their emission efficiency by suppress-
ing shallow surface traps. Consequently, the CsPbBr3 NCs served
a dual role as a blue light photocatalyst for the controlled poly-
merization of highly loaded PMMA nanocomposites and effi-
cient emitters for photonic applications, directly encapsulated in
a solid bulk polymer matrix.

2. Results and Discussion

2.1. Kinetics and Performance of CsPbBr3 NCs Initiated
PET-RAFT

The CsPbBr3 NCs were synthesized according to our recently in-
troduced turboemulsified room-temperature process,[30] which
allows the large-scale synthesis of NCs (up to 8 g per batch)
and the recycling of the waste generated during NCs production,
which is very attractive for the production of high-load nanocom-
posites in large quantities. According to what is typically ob-
served for room temperature reprecipitation methods,[31] the as-
synthesized crude product comprised NCs with mixed dimen-
sionality (see high resolution scanning tunnelling micrograph
in Figure S1, Supporting Information, and corresponding ele-
mental composition in Figure S2, Supporting Information) with
a dominant population of brick-like NCs with an average size of
13± 3 nm and thickness of 5± 1 nm (Figures 1a and S1, Support-
ing Information), as further confirmed by the absorption profile
in Figure 1b showing a low energy shoulder ascribed to larger
structures in the ensemble. The corresponding PL spectrum in
toluene peaked at 514 nm with full width at half maximumum of
FWHM = 23 nm and PLQY = 64%.

The polymerization of MMA was carried out with 2-cyano-
2-propylbenzodithioate (CPDB) as CTA (M/CTA = 800) under
semi-bulk conditions (Figure 1c). With a very low amount of
photocatalytic NCs (0.05 wt% with respect to the monomer),
a conversion of 87.1% was obtained after 24 h under 460 nm
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Figure 1. a) Transmission electron microscopy image of CsPbBr3 NCs with average size of 13 ± 3 nm and thickness of 5 ± 1 nm. b) Optical absorption
and PL spectrum of CsPbBr3 NCs in toluene. c) Reaction scheme of PET-RAFT polymerization of MMA under blue irradiation with CPDB as chain transfer
agent. d) Kinetic of the polymerization (0.05 wt% of PC) showing a linear conversion of the monomer over time with a pseudo first-order kinetic. Inset:
Photograph of the reaction setup and the final solid sample after 24 h under irradiation. e) Photograph of bulk PMMA samples embedding increasing
NCs content up to 7 wt% before cutting to the same size (1.4 cm diameter and 0.5 cm height).

blue light irradiation and the consequent one-pot formation of
CsPbBr3-PMMA bulk without any purification step (Table 1,
entry 4). The progress of the polymerization over time was
monitored by 1H NMR of the reaction crude. The linear in-
crease of the conversion with time identifies a pseudo first order

Table 1. PET-RAFT polymerization of methyl methacrylate (MMA) using
CsPbBr3 in toluene as photocatalyst and CPDB as chain transfer agent.
Reactions were conducted under 460 nm blue light, at room temperature
for 24 h.

Entry [M]/[CPDB] PC loading
[wt%]

𝛼
a) [%] Mn,GPC

b) Ðb)

1c) 800 0.05 – – –

2 800 – 18.2 21 800 1.12

3 – 0.05 37.5 330 000 2.3

4 800 0.05 87.1 81 000 1.3

5 400 0.05 87.0 39 000 1.24

6 200 0.05 89.2 24 900 1.16

7 100 0.05 88.8 12 800 1.12

8 800 0.5 87.6 93 000 1.28

9 800 1 88.7 101 300 1.26

10 800 3 87.9 97 200 1.24

11 800 5 85.0 112 400 1.35

12 800 7 78.8 92 000 1.27
a)

Monomer conversion (𝛼) calculated with NMR analysis;
b)

Molecular weight and
dispersity were obtained by gel permeation chromatography (GPC) measures. En-
tries from 8 to 12 have been polymerized in oxygenated environment with the addi-
tion of limonene as oxygen quencher;

c)
Entry 1 experiment was performed without

light irradiation. [M]/[CPDB] is the ratio between the concentration of monomer and
charge transfer agent.

kinetic (Figure 1d), confirming that the polymerization follows
the RDRP behavior, as expected for the PET-RAFT mechanism
(Figure S3, Supporting Information). As the polymerization pro-
gressed, the viscosity increased as expected for a bulk polymer-
ization. In fact, the 90% conversion is close to the maximum
achievable value due to the high stiffness of the sample, which
no longer allows the monomer to diffuse.[32] Consistent with pre-
vious reports,[21b,33] negligible conversion was obtained in the ab-
sence of light, whereas, when the polymerization was performed
in the presence of CTA and without the CsPbBr3 NCs, PMMA
was obtained with drastically lower conversion. Finally, in the
presence of CsPbBr3 NCs but without the CTA, the polymeriza-
tion produced very high molecular weight but in an uncontrolled
fashion, as demonstrated by the high polydispersity of the molec-
ular weights (Ð = 2.3) (Table 1, entries 1–3).

The polymerization was further repeated by decreasing the
monomer-to-CTA molar ratio (from 800 to 100), maintaining the
CsPbBr3 NCs concentration constant (Table 1, entries 5–7). In all
cases, a yield close to 90% was obtained with a consequent in-
crease of the molecular weight with decreasing CTA molar con-
tent. Low dispersity values (1.12 < Ð < 1.3) were maintained for
all the polymerizations indicating that the chains grew in a con-
trol fashion, with a degree of polymerization close to the theoret-
ical one, even at high monomer-to-CTA ratio.

Next, we demonstrated the effectiveness of PET-RAFT poly-
merization in producing highly loaded nanocomposites by in-
creasing the NCs concentration up to 7 wt% with respect to the
monomer, as shown in Table 1, entries 8–12, and confirmed
by thermogravimetric analysis (Figure 2a). TEM analysis of dif-
ferent sections of the material at different depths confirmed
the dispersibility of the embedded NCs in the polymer ma-
trix (Figure 2b), supporting the interaction of the CTA with the
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Figure 2. a) Thermogravimetric analysis (TGA) of the nanocomposites with 0.5, 5, and 7 wt% loadings, compared to the native NCs (red line). The weight
loss in the native NCs is attributed to the ligand surface coverage. b) TEM micrographs of three different 70 nm thin nanocomposite sections obtained
from entry 11, Table 1 (0.5 cm thick). c) Compressive test and d) Differential scanning calorimetry (DSC) measurements of the nanocomposite material
(green line) compared to PMMA synthetized by RAFT polymerization with the same chain length and CTA (black line). e) Powder X-ray diffraction patterns
of the nanocomposites with 7 wt% of embedded NCs (top, green line), the native NCs (middle, red line), and the calculated power X-ray diffraction
(PXRD) pattern for cubic CsPbBr3. The broad peak at 15° is due to the PMMA matrix. f) 13C cross polarization magic angle spinning (CPMAS) spectrum
of the nanocomposite with 7 wt% loading acquired at 10 kHz speed, showing no peaks in the alkene region (120–150 ppm). * refers to spinning
sidebands.

surface of the NCs as polymerization proceeds. The mechani-
cal stability of PMMA was not affected by the presence of in-
creased NCs loading, as demonstrated by the compression test
(Figure 2c), consistent with the high glass transition tempera-
ture (116 °C, Figure 2d) characteristic of PMMA. Finally, the crys-
talline structure of the NCs was preserved during synthesis. How-
ever, it is plausible that part of the NCs oriented toward the or-
thorhombic phase (peaks 10°–20°) due to the distortion caused by
the new synthetized rigid polymer matrix (Figure 2e). Finally, to
further improve the processability and scalability of our method-
ology, the polymerizations were carried out in the presence of
oxygen by adding limonene as an oxygen quencher, further sim-
plifying the synthetic procedure. The unreacted monomer was
simply removed by evaporation at room temperature and atmo-
spheric pressure, resulting in the complete absence of monomer
as demonstrated by solid state NMR (Figure 2f).

2.2. Mechanistic Evaluation of CsPbBr3 Initiated PET-RAFT

In order to investigate the mechanism of the NCs-activated poly-
merization reaction and clarify the evolution of the optical prop-
erties of the as-synthesized NCs inside the polymer host, which
represents a further technological advantage of the NCs-initiated
PET-RAFT process, we monitored the photoluminescence spec-
trum and time kinetics during the various stages of the process.
As schematically depicted in Figure 3a, the addition of the CTA

into the MMA-NCs mixture prompts the initiation stage where
the surface interaction of the CTA moieties activates the electron
transfer process from photoexcited NCs. This is followed by the
propagation stage characterized by progressive chain growth until
the complete consumption of monomers that determines the end
of reaction. The final nanocomposites contain NCs surrounded
by the polymer chains. The effects of these interactions on the
optical properties of the NCs are shown in Figure 3b,c where we
report the PL spectra and decay traces versus reaction time and
in Figure S4 in the Supporting Information comparing the opti-
cal absorption and PL spectra of the NCs in solution and the final
composite. The spectrally integrated intensity and lifetime <𝜏>

(expressed as the time after which the PL intensity decreased by a
factor e), are shown in Figure 3d,e. The initiation phase was asso-
ciated with a steep quenching of the PL intensity and <𝜏> due to
electron transfer from the NCs to the CTA. This was further con-
firmed by the acceleration of the emission dynamics with increas-
ing CTA concentration in toluene, which followed the charac-
teristic exponential trend expected for charge transfer processes
(Figure S5, Supporting Information). As the reaction progressed
to the propagation stage, the PL gradually intensified and slowed
down, finally reaching a plateau corresponding to near unity
PLQY values than the initial monomer solution (PLQY = 84%).
Interestingly, this behavior was accompanied by a nonmonotonic
evolution of the emission profile (Figure S6, Supporting Infor-
mation), quantified in terms of the FWHM with reaction time
(Figure 3d). Specifically, in the initiation phase, the rise of a high
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Figure 3. a) Reaction scheme of the CsPbBr3-initiated PET-RAFT polymerization of PMMA. b) PL spectra and corresponding c) decay curves of the
nanocomposite during the polymerization reaction at room temperature under blue light irradiation (0.05% NCs loading and [M]/[CTA] = 800). d) Inte-
grated PL intensity and FWHM values extracted from “b”. e) Effective PL lifetimes extracted from “c” versus reaction time. f) Energy levels of the CTA
and g) density of states of LHP-CTA. Each horizontal line corresponds to a molecular orbital (MO). The length of the colored line segments indicates
the contribution of each element to an MO. HOMO, LUMO, conduction band (CBE), and valence band (VBE) levels of the nanocrystal are highlighted.

energy shoulder of the PL peak led to a spectral broadening from
23 to 28.5 nm, followed by a gradual narrowing of the emission
linewidth during the propagation phase, ultimately leading to
narrower PL profiles (FWHM = 20 nm) than the as-synthesized
particles. This, together with the PL intensity trend, suggests NCs
ripening triggered by the interaction with the CTA moieties, in-
creasing the population of smaller particles in the ensemble, fol-
lowed by a uniformation of the NCs towards cuboidal shapes and
suppression of phononic disorder in the final composite accom-
panied by surface curing by the polymer chains, in agreement
with recent observation.[25] These aspects are expanded in Figure
S7 in the Supporting Information including the analysis of PL ki-
netics using a double-exponential decay model which traces the
interplay between the band edge (BE) exciton and shallow de-
fect states, as well as their interaction with the polymerization
environment throughout the process. In order to better under-
stand the mechanisms of excitation transfer and binding of the
CTA to the surface, we have modeled a CsPbBr3 nanocrystal us-
ing density functional theory (DFT) and evaluated the position of
the energy levels (density of states) of CTA and of the LHP-CTA
system, as shown in Figure 3f,g. The CTA molecule appears to
be loosely bound to the surface of the nanocrystal, as its bind-
ing energy is about 5 kcal mol−1. This is reflected in the energy
levels that change very little when CTA is in proximity of the
surface. Irrespective of this, the energy of the highest occupied
molecular orbital and the lowest unoccupiued molecular orbital
(HOMO-LUMO) allows charge transfer from the photoexcited
nanocrystal to the CTA, promoting homolytic cleavage of the C-S
CTA’s bond into ZSS and R fragments, and initiating polymer-
ization. We also evaluated with DFT two possible final configura-
tions after the polymer ZSS-(MMA)n-R is formed near the NCs

surface, where ZSS and R are the two parts of CTA. The first is
with R-(MMA)n and Z radicals directly bound to the NCs, i.e.,
the nanocrystal directly closes the polymer chain on one side and
is partially passivated by the sulfur part of the CTA on two dif-
ferent binding sites and another one in which ZSS-(MMA)n-R
sits in proximity of the surface. We found the latter more stable
of about >20 kcal mol−1, indicating a strong preference for the
latter. Besides this, to explain the increase in quantum yield as a
result of polymerization, a more detailed study is required, as it is
necessary to investigate how the polymer chains interact with the
surface of the nanocrystal with the complete ligand shell attached
to it.

2.3. PET-RAFT-Based Perovskite Nanocomposites for
Scintillation

Finally, with a view to testing the potential of PET-RAFT poly-
merization to produce high performance materials for a highly
topical application that specifically requires high loads of per-
ovskite NCs in massive samples,[15,19,34] namely the detection of
ionizing radiation, we investigated the scintillation properties
of our nanocomposite materials. Radiation detection typically
relies on inorganic crystals[35] or plastic scintillators,[36] which
suffer from high cost or weak interaction with high energy
radiation due to insufficient average atomic number (Z) com-
position, which determines the interaction probability with
ionizing radiation (P ∼ Zn with n = 1–5 depending on the type
of interaction).[37] Therefore, the ability of NCs-initiated PET-
RAFT photopolymerization to realize highly loaded nanocom-
posites is highly valuable to overcome the shortcomings of
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 16163028, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/adfm

.202411319 by U
niversita M

ilano B
icocca, W

iley O
nline L

ibrary on [07/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.advancedsciencenews.com
http://www.afm-journal.de


www.advancedsciencenews.com www.afm-journal.de

Figure 4. a) Radioluminescence (RL) spectra of CsPbBr3 NCs-based PMMA nanocomposites with increasing particle loading (Inset: picture of a repre-
sentative nanocomposite under X-ray excitation) and b) respective LY values measured through comparison of the integrated RL intensity of an EJ276D
scintillator). c) RL decay curve and respective fitting curve. The same color scheme applies throughout the figure. d) Fit parameters (decay time and
relative integrated weight, wi) used to analyze the time-resolved RL intensity decay. The RL dynamics were analyzed in a least squares sense using a
triple exponential function convolved with the instrument response function. The effective decay time (𝜏eff) was calculated using the normalized ratio
of all the components according to 𝜏eff

−1 =
∑3

i=1 Ri∕𝜏i, Ri = wi ∕ (w1 + w2 + w3). The coincidence time resolution (CTR) has been estimated using the
formula indicated in the main text, where the 10–90% rise time (𝜏rise) was set to 80 ps, and the estimated number of photons emitted for a 511 keV
excitation was set to N = 3240.

existing motifs through a nanocomposite scintillator
approach.[19] With this in mind, we performed cw and time-
resolved radioluminescence experiments using soft X-rays as
excitation source. Figure 4a shows the RL spectra of PMMA-NCs
nanocomposites with increasing NCs mass concentration. The
corresponding light yield (LY) values, obtained by comparing
the RL intensity of the samples with a calibrated plastic scintil-
lator (EJ276D) of the same dimensions (thickness 0.5 cm) and
excitation/detection conditions, are shown in Figure 4b. The RL
spectra are very similar to the corresponding PL and intensify
linearly with the NCs loading, with a slight concomitant redshift
due to partial reabsorption of the scintillation light—note that
the X-rays (average energy 7 keV) are completely absorbed

by the whole sample thickness (ca. 0.7 cm) and therefore the
scintillation light produced in the depth of the nanocomposite
body is affected by progressively stronger reabsorption with
increasing NCs loading. Nevertheless, the light yield (defined
as the number of emitted photons per unit energy deposited in
the material) reaches LY = 6000 ph MeV−1, which is close to a
commercial plastic scintillator (LYEJ276D = 8600 ph MeV−1)[38]

without any specific compositional optimization such as the
addition of secondary emitters in engineered cascade en-
ergy transfer schemes. The absence of spurious intragap
emissions in the RL spectrum confirms suppression of shal-
low and deep traps in agreement with the near unity PL
efficiency.[39]
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We further interrogated the timing performance of our nano-
composites using pulsed X-rays. The RL decay curve
of a nanocomposite with 7% NCs loading is shown in
Figure 4c. Consistent with previous reports on LHP-based
scintillators,[17a,19,30,40] the kinetics are ultrafast with sub-
nanosecond components ascribed to the recombination of
charged- and biexciton species created upon interaction with
ionizing radiation followed by the ns-long luminescence due
to single exciton decay. To extract an effective lifetime 𝜏EFF
that is typically used as a figure of merit of the scintillation
timing performance, we fitted the experimental data with a triple
exponential function representing the above-mentioned decay
contributions[40] convoluted with the instrument response func-
tion of our detection chain. The fitting parameters are reported in
Figure 4d. The weighted harmonic average of the decay compo-
nents yields 𝜏EFF = 490 ps that combined with the estimated num-
ber of photons emitted for a 511 keV excitation (corresponding to
the gamma energy employed in time-of-flight positron emission
tomography) set to N = 3240 (consistent with the measured
LY = 6000 ph MeV−1) produces a potential coincidence time
resolution,[41] CTR = 3.33

√
(𝜏RISE × 𝜏EFF)∕N = 11.6 ps, which

is very promising for fast timing scintillation applications.[19,42]

3. Conclusions

In conclusion, we have presented the use of PET-RAFT technol-
ogy as an efficient polymerization technique for the synthesis
of CsPbBr3 NCs/PMMA nanocomposites in a one-pot, one-step
fashion. This method allowed a high reaction yield (around 90%)
of MMA combined with a positive evolution of the NCs into a
uniform ensemble, improving the optical properties of the final
material. The controlled nature of the PET-RAFT polymerization
is an additional advantage for the synthesis of highly loaded com-
posites, maintaining a high polymerization yield and compatibi-
lization of the NCs with the polymer matrix, which is extremely
valuable for technologies requiring high loading of particles in-
compatible with high temperature processes such as LHP-NCs.
The RDRP nature of the polymerization, combined with the oxy-
gen tolerance of the technique and the multigram scale protocol
for the synthesis of LHP NCs, opens the possibility of large-scale
production of nanocomposites for light management technolo-
gies such as the detection of ionizing radiation, which is demon-
strated with very promising scintillation performance.
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[17] a) K. Děcká, F. Pagano, I. Frank, N. Kratochwil, E. Mihóková, E.
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