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Semiconductor nanocrystals (NCs) have emerged as promising candidates for next-generation scintillators owing
to their tunable band gaps and high photoluminescence quantum yields (PLQYs). However, most NC-based
scintillators rely on polymer or solvent matrices, in which inefficient energy transfer and self-absorption
significantly limit their light yield. In this study, we developed solvent- and polymer-free CdSe/CdZnS NC
films (50-200 pm thick) and quantitatively evaluated their y-ray response and its light yield through single-

photoelectron (SPE)-based measurements. The NC films preserved their intrinsic optical characteristics after
fabrication and exhibited distinct photopeaks at 59.5 keV (>*'Am) and 81.0 keV (***Ba), achieving a light yield of
approximately 3200 + 100 photons/MeV with a fast decay time of ~20 ns—comparable to reported NC/polymer
nanocomposite scintillators. We further investigated solvent effects using NC-doped liquid scintillators, revealing
the importance of solvent selection for observing measurable scintillation signals.

1. Introduction

Radiation detectors are essential in applications such as radioactive
contamination monitoring [1-3], nuclear fuel management [4,5], and
non-destructive assay of nuclear materials [6,7]. Conventional scintil-
lators are typically based on wide-bandgap insulators (Eg > 5 eV), which
limit the number of charge carriers generated per absorbed y-ray energy
[8]. In contrast, semiconductor nanocrystals (NCs) with narrower band
gaps (2-3 eV) can produce higher carrier densities under ionizing ra-
diation, and their emission wavelengths are tunable via size control or
activator doping for precise matching to the spectral sensitivity of
photosensors [9]. Core-shell structures (e.g., CdSe/CdZnS) further
suppress nonradiative recombination and spatially confine electrons and

holes in the core (CdSe in this case), enhancing the photoluminescence
quantum yield (PLQY) [10-12]. These advantages have driven extensive
research into NC-based scintillators over the past decade.

In polymer-based nanocomposite (2-20 mm thick) scintillators,
photopeaks from 2*'Am, %”Co, and !*’Cs gamma-ray sources have been
resolved, supporting their feasibility for y-ray spectroscopy [9]. How-
ever, their thickness should be optimized to balance self--
absorption-induced transmittance loss and y-ray stopping power.
Indeed, a prior study reported that increasing the scintillator thickness
by threefold (from 2 to 6 mm) led to a decrease in light yield from 7,380
to 6,380 photons/MeV for nanocomposites containing 15.8 wt% nano-
particles, which was attributed to increased transmission loss due to the
longer optical path length in thicker samples [13]. In such
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nanocomposites, even with high NC loadings (<60 wt%), the actual NC
volume fraction rarely exceeds ~20% [14], limiting the probability that
excited polymer molecules are close enough to NCs to transfer energy.
As a result, most absorbed energy is lost within the polymeric host,
yielding only 3,000-12,000 photons/MeV—comparable to pristine
polymers (~10,000 photons/MeV). Attempts to circumvent inefficient
matrix-to-NC energy transfer by employing ultra-wide-bandgap inor-
ganic NCs (Eg > 5 eV) have often led to reduced light yield with
increased NC loading, due to their higher charge-trap densities [15].
Similarly, introducing such NCs to liquid scintillators decreased the light
yield relative to the neat solvent [16]. Prior work on NC-doped liquids
frequently treated the solvent as optically neutral, but solvent fluores-
cence, path-length-dependent visible photon loss, and refractive-index
mismatch can strongly influence the light yield and obscure y-ray
spectral features [17].

In most prior studies, light yield has been evaluated relatively by
comparing the Compton-edge position with that of a reference scintil-
lator (e.g., EJ-212, assumed to produce 10,000 photons/MeV with little
variability). In practice, assigning the Compton edge for each scintillator
is nontrivial, because its apparent position depends on scintillator type,
geometry, and the incident y-ray energy; robust determination typically
requires Compton-coincidence methods or Monte Carlo-guided spectral
fitting [18,19]. Uncertainty in the edge position propagates into relative
light-yield estimates, energy calibration, and non-proportionality anal-
ysis. These considerations motivate the use of absolute light-yield
measurements.

In this study, we developed solvent- and polymer-free CdSe/CdZnS
NC films (50-200 pm thick) designed to minimize self-absorption while
maintaining sufficient y-ray interaction probability. Their light yield
was quantified via an absolute single-photoelectron-based measure-
ment, and the effect of solvent environment was further examined using
NC-doped liquid scintillators. This approach establishes a new solid-
state nanoscintillator platform capable of resolving low-energy y peaks
and enabling quantitative light-yield measurement.

2. Methods
2.1. Synthesis of CdSe/CdZnS core/shell NCs

CdSe/CdZnS core/shell NCs were synthesized via a one-pot succes-
sive growth approach, as described in our previous work [11]. Briefly, a

mixture of 1 mmol CdO, 3 mmol myristic acid, and 15 mL 1-octadecene
was heated to 300 °C under inert conditions. At this temperature, 0.25

Glass wafer (500 pm,)
Pyrex 7740; Corning

\ 4

A 4

Cr/Au

\ 4

BOE
deep wet
etching

Nuclear Engineering and Technology 58 (2026) 104208

mL of 2 M trioctylphosphine selenide (TOP-Se) was rapidly injected to
initiate CdSe core nucleation. After 3 min, 3 mL of 0.5 M zinc oleate and
1-dodecanethiol were added dropwise to begin CdZnS shell formation.
The reaction continued for 30 min, followed by the addition of 2 mL of
0.5 M cadmium oleate, 4 mL of 0.5 M zinc oleate, and 1.5 mL of 2 M
trioctylphosphine sulfide (TOPS) to complete shell growth. The resulting
NCs were purified five times using ethanol and redispersed in toluene or
hexane.

2.2. Fabrication of NC film scintillators

Fig. 1 illustrates the fabrication of CdSe/CdZnS NC films (diameter:
6 mm; thickness: 50-200 pm) on a glass substrate using photolithog-
raphy and deep wet etching [20]. A 30 nm chromium (Cr) layer was first
deposited on a 500 pm thick glass wafer, followed by 200 nm of gold
(Au) deposition. A photoresist (AZ4330) was spin-coated, patterned by
UV exposure, and developed. The exposed Cr/Au layers were etched to
reveal the glass surface, and another Cr/Au layer was deposited on the
wafer's backside.

The patterned wafer was immersed in buffered oxide etchant (BOE,
HF:NH4F = 1:3), and the etch depth (up to 200 pm) was controlled by
immersion time. After etching, the remaining metal layers were
removed. A 50 nm thick aluminum layer (91% reflectance at 630 nm)
was deposited on the substrate using a thermal evaporator installed in a
glove box. The NC solution was drop-cast into the groove in the glove
box, with the groove depth determining the film thickness. Finally, a
100 pm-thick Corning Willow glass layer (83% transmittance at 630 nm)
was placed over the film to protect against air and moisture while
transmitting light to a light sensor, such as a photomultiplier tube
(PMT).

To evaluate energy deposition by ionizing radiation, we conducted
Monte Carlo simulations using an NC superlattice geometry represen-
tative of the NC films, as shown in Fig. 2. Because the ranges of sec-
ondary electrons generated by y-ray interactions commonly extend well
beyond the ~10 nm scale of individual nanocrystals [21], we adopted a
mesoscale modelling approach. Specifically, we constructed a periodic
lattice model of spherical CdSe/CdZnS NCs (radius: 6.5 nm; CdSe core:
2.0 nm; shell: 4.5 nm, as determined in our previous study [11]) within a
film with a total thickness of 50-200 pm. We assumed that interstitial
regions were filled with surface ligands.

Al reflector
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T W |
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Fig. 1. Schematic illustration of the fabrication of a CdSe/CdZnS NC film with a thickness of a few hundred microns on a glass wafer using a photolitho-

graphic process.
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Fig. 2. (a) The geometric structure of CdSe/CdZnS NC and (b) the schematic of the simulation geometry of the NC film with a thickness of several hundred mi-

crometers by repeating the NC thousands of times.

2.3. Fabrication of NC-doped liquid scintillators

Taking advantage of the high PLQY of the CdSe/CdZnS nanocrystals
(87%; Fig. S1), the as-synthesized colloidal solution was directly
employed as a liquid scintillator to investigate the effect of different
solvents on scintillation performance. The NC colloidal solution was
loaded into quartz cuvettes (diameter: 22 mm, optical path length: 1
mm), as shown in Fig. 3(a). Due to the thick cuvette neck, optical
coupling to the photomultiplier tube (PMT) was achieved through a 2.5
mm-thick quartz window. In addition, a 10 mm path-length cuvette was
employed to investigate the effect of increased optical path length on
scintillation characteristics and light output.

As illustrated in Fig. 3(b), gamma-rays interact with the high-Z Cd
atoms in the NCs, producing primary electrons that, in turn, generate
numerous secondary electrons through Coulomb scattering with nearby
NCs or solvent molecules. These secondary processes result in local
excitation and ionization events within the liquid medium. Subse-
quently, as depicted in Fig. 3(c and d), the generated excitons in the NCs
or solvent molecules can transfer energy radiatively or non-radiatively
(e.g., via Forster resonance energy transfer, FRET) to the NCs, leading
to visible light emission. Hexane (PLQY <0.001) was selected as a low-
background solvent, while toluene (PLQY = 0.17) was used for

UV 365 nm

Natural light

©  FreT
m |
(O | l:l hy'
hv (PLQY<0.001, ! _/”

P —————

@120 nm)
(3 O
(@ | v
CFRET |
Hexane CdZnS CdSe

t
Photoionization'<‘ e

comparison to assess solvent-induced variations in light output.

2.4. Light yield measurement via single-photoelectron analysis

Light yield measurement using the single-photoelectron (SPE)
method is based on the proportionality between light yield and the
number of photoelectrons generated in a photodetector. Fig. 4 illustrates
the experimental setup for measuring SPE by detecting the minimum
output current generated by the PMT (R2228, Hamamatsu) upon photon
incidence, following the protocol reported in our previous work [22]. A
pulse generator sent electrical pulses (100 Hz, 8 ns width) to an LED and
simultaneously provided trigger signals to a high-speed digitizer
(DT5730, 500 MS/s, 14-bit). The PMT output was recorded using a
leading-edge trigger synchronized with the LED trigger, allowing event
capture within a 140 ns time window. Events exhibiting a distinct
temporal correlation within the predefined time window were used as
true coincidence events. The total charge of each PMT pulse, hereinafter
referred to as the integrated charge, was calculated by summing the
waveform amplitude over all sampling points.

Light yield can be defined either as absolute or technical light yield
[22]. The absolute LY is the ratio of the number of scintillation photons
generated per MeV, while the technical LY is that of experimentally
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Fig. 3. (a) Photographs of NC-doped liquid scintillators under natural and UV light, and schematic representation of energy deposition and scintillation mechanisms
in NC-doped liquid scintillators: (b) gamma ray energy deposition through electron cascades, and (c,d) energy-transfer pathways in hexane- and toluene-based

scintillators.
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Fig. 4. A schematic of the experimental setup for measuring SPE.

measured scintillation photons passing through the entrance window of
the scintillator per MeV. The two quantities are related by the light
collection efficiency (LCE), which accounts for photon losses arising
from internal trapping within the scintillator and imperfect surface re-
flections. Although LCE can, in principle, be estimated, simulation-based
evaluations are often unreliable [23,24]. In this study, we therefore
focused on the technical light yield, assuming LCE of unity and thereby
excluding optical collection losses from the analysis.

The light yield was determined by comparing the integrated charge
generated by a known radiation energy (e.g., 59.5 keV y rays from
241Am) with that of the SPE response, according to Equation (1).

_ICy,, 1 1 1

Ty~ — X =X —=
Y ICos  0.05954 < QE < LCE

(€Y

Where Ty, IC241,,, and ICspg refer to the technical light yield, the in-
tegrated charge measured from 59.54 keV gamma-rays emitted by
241Am and from a SPE pulse, respectively. QE is the effective quantum
efficiency by convolving the scintillator's emission spectrum with the
R2228 PMT's spectral response (see Fig. S1). We applied optical grease
(BC630, Saint-Gobain) at the PMT-scintillator interface for optical
coupling. This reduced reflection losses at the PMT window, which
would otherwise have an 8% loss due to the refractive index of glass
(approximately 1.5) [23]. Considering this, the QE was estimated to be
7.7%.

Fig. 5(a) shows the y-ray measurement setup, which employed a
digitizer-based configuration to quantify the light yield under identical
measurement conditions. The digitizer directly acquired the PMT anode
output without a preamplifier or a shaping amplifier. The PMT output
was recorded when the signal amplitude exceeded the trigger threshold,
as illustrated in Fig. 5(b). The baseline was corrected by subtracting the
mean signal level measured within the baseline gate, and the waveform
was then integrated over a 360 ns gate—enough to collect the full charge
corresponding to the NC scintillator decay time (30-60 ns). The result-
ing integrated charge represented the total charge of each PMT pulse,
which was proportional to the energy deposited by the incident vy ray.
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. Integration gate
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3. Results and discussion
3.1. Optical properties of CdSe/CdZnS NC films

Fig. 6(a) shows the side view of the etched glass substrate observed
by a scanning electron microscope (SEM). The groove has a gentle slope
of approximately 168°, which is favorable for reflector coating. Fig. 6(b)
displays the NC films formed on the groove of various depths, ranging
from 50 pm to 200 pm. To investigate the optical properties, we per-
formed steady-state and time-resolved photoluminescence (PL) mea-
surements using a spectrofluorometer (Fluoromax Plus, Horiba) under
the core-only excitation condition (excitation wavelength: 450 nm) to
exclude the carrier excitation in the shell layer [11]. The as-synthesized
CdSe/CdZnS NC colloidal solution exhibited a PL peak centered at ~630
nm (Fig. S1), arising from band-edge (exciton) emission in the CdSe
core, that is, radiative electron-hole recombination between
conduction-band electrons and valence-band holes. Also, the fabricated
NC films maintained a consistent emission peak at ~630 nm regardless
of thickness, as shown in Fig. 6(c), indicating that the optical properties
were preserved throughout the fabrication process. For thicker films, an
additional spectral feature appeared in the 650-725 nm region. To
identify its origin, we conducted angle-dependent PL. measurements by
tilting the films (Fig. S3). The location and prominence of this
long-wavelength feature vary strongly with tilt angle, and the effect
becomes more pronounced for the 200-pm film. This pronounced angle
dependence is largely attributed to interference effects arising from the
coherent superposition of emitted and internally reflected luminescence
[25], whose spectral modulation depends sensitively on the film thick-
ness and reflectivity of the glass window/film/substrate configuration.
Meanwhile, the decay time increased slightly with film thickness (15.2
ns for 50 pm, 18.3 ns for 100 pm, and 20.0 ns for 200 pm), as shown in
Fig. 6(d), which may reflect additional photon-transport processes, such
as reabsorption and re-emission, and/or increased optical path lengths
in thicker films.
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Fig. 5. (a) Schematic diagram of the gamma ray measurement setup, and (b) an example of a digitized waveform of the CdSe/CdZnS NC scintillator.
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Fig. 6. (a) SEM micrograph of a cross-section of the glass-based substrate and (b) a photograph of the representative NC scintillator film with a different thickness on
the substrate. (c) PL emission spectra and (d) decay curves with a different thickness of NC film excited at 450 nm.

3.2. Digitizer-based single-photoelectron (SPE) event analysis

Fig. 7(a) shows a digitized trigger from the pulse generator and the
temporally correlated PMT-anode waveform under LED excitation. The
PMT response lags the trigger by the electron transit time delay (AT =
temr — tuig), typically ~60 ns for the R2228, with additional delay
arising from cable length and front-end electronics. To select true co-
incidences, we plotted a two-dimensional distribution of integrated PMT
signal charge versus the AT, and events within the 68-100 ns window

were accepted as true coincidence events, as indicated in Fig. 7(b). Fig. 7
(c) presents the integrated charge distributions corresponding to SPE
and double-photoelectron (DPE) responses. The peak near zero charge
arises from background (BKG) signals, whereas the DPE peak appears at
approximately twice the SPE charge. We deconvolved the spectrum by
fitting a superposition of three Gaussians (BKG, SPE, DPE), as described
in Ref. [22]. The SPE centroid was 251.8 + 3.9 (a.u.). In our recent
preliminary study [22], eliminating random coincidences originating
from dark counts and baseline fluctuations yields a clearly resolved SPE
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Fig. 7. (a) Example of digitized waveforms; the pulse-generator trigger and the time-correlated PMT anode response under LED excitation. (b) Two-dimensional
distribution of integrated charge for PMT signal versus arrival-time difference (AT) between trigger and PMT signal at low light intensity; the highlighted time
window (68-100 ns) denotes the region used to select true-coincidence events. (c¢) Corresponding integrated-charge spectra of the PMT anode output under

LED excitation.
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distribution compared with the classic self-triggering approach (which
records all PMT signals exceeding the threshold without temporal cor-
relation to the LED trigger). These preliminary findings suggested that
selecting true coincidence events for analysis yielded a more accurate
estimation of SPE charge and, consequently, light yield. This observa-
tion served as the experimental basis for the present study.

3.3. Gamma ray response and light yield measurement in NC films

We evaluated the gamma ray response and light yield of CdSe/CdZnS
NC films deposited on Al-coated glass substrates. To ensure accurate
light-yield evaluation and remove radiation-induced background signals
originating from the PMT and glass substrate, we obtained net spectra by
subtracting the spectrum of a neat glass substrate from that of the NC-
coated glass; both were measured under identical 2*'Am v-ray irradia-
tion and acquisition conditions. Fig. 8(a) presents the 2*'Am spectra
measured from NC films of varying thicknesses (50, 100, and 200 pm).
All samples exhibited a single photopeak at an integrated charge of
3,710 + 10 (a.u.), and the count rate increased with increasing film
thickness, indicating enhanced detection efficiency due to a greater
probability of gamma ray interaction. MCNP simulations in Fig. 8(b)
corroborate that energy deposition occurs predominantly via the pho-
toelectric effect, yielding a full-energy absorption peak at 59.5 keV for
all thicknesses.

We used the SPE charge as the reference for one photoelectron. The
number of photoelectrons was determined from the ratio of the mean
charge of the 59.5 keV photopeak (3,710 a.u.) to the mean SPE charge
(251.8 a.u.) and then normalized by 59.5 keV (0.0595 MeV), yielding
247 + 4 photoelectrons/MeV. From repeated measurements of SPE
(four runs) and 2'Am spectra (five runs), the light yield of the NC films
was determined to be 3,200 + 100 photons/MeV, comparable to values
reported for NC/polymer nanocomposite scintillators (e.g., 2,440 pho-
tons/MeV for 58.9 wt% YbF3) [26]. This modest scintillation light yield
is primarily limited by the reduced radiative efficiency of the NC films.
Supporting this, the absolute PLQY decreased substantially upon film
formation, from 84.0 + 3.0% in colloidal solution to 16.1 + 3.0% (50
pm), 13.3 + 3.0% (100 pm), and 15.6 + 3.0% (200 pum) for the solid
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films, as measured using an integrating sphere (Fig. S4). Such PLQY
reduction in NC solids is commonly attributed to the activation of fast
nonradiative pathways and exciton migration via inter-NC energy
transfer, during which excitations can be quenched at nonradiative sites
[27]. A similar PLQY decrease upon film formation was also observed in
our previous work [11]. Nevertheless, the NC films consistently resolved
the 59.5 keV photopeak across 50-200 pm thicknesses and achieved an
absolute light yield comparable to representative NC/polymer
nanocomposites.

Fig. 8(c) shows the net gamma ray spectrum of the 200 pm thick NC
film under *3Ba irradiation. We observed a full energy absorption peak
corresponding to the 81.0 keV gamma ray at an integrated charge of
4,540 + 30 (a.u.) along with the characteristic K, X-ray peak (30-35
keV). These features were consistent with the MCNP simulation in Fig. 8
(d). In contrast, no full-energy absorption peak was observed for higher-
energy y rays such as the 662 keV y rays from 1%’Cs, due to the limited
film thickness. These results demonstrate that few-hundred-micrometer
NC films can resolve photopeaks in the tens-of-keV range and enable
quantitative light-yield measurements.

3.4. Optical properties and gamma ray response in NC-doped liquid
scintillators

We investigated how optical path length affects the PL characteristics
of CdSe/CdZnS NC-doped liquid scintillators. As shown in Fig. 9(a) and
(b), NCs dispersed in hexane (0.5-6 wt%) in a cuvette with a 1 mm
optical path exhibited a slight redshift in PL emission from 624 nm to
630 nm, accompanied by an increase in decay time from 26.2 ns to 44.9
ns. These results indicate a concentration-dependent emission behavior,
where higher NC loadings enhance photon reabsorption followed by
red-shifted re-emission.

When the optical path length increased to 10 mm, the PL peak shifted
more substantially from 626 nm to 667 nm at NC loadings of 0.5-6 wt%
(see Fig. S2) and the decay time was prolonged from 42.6 ns to 110.8 ns.
This pronounced redshift led to a spectral mismatch with the PMT's
maximum sensitivity near 600 nm, thereby reducing detection effi-
ciency. These results suggest that a shorter optical path (1 mm)
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E : 59.5 keV
a
s 0.15
-3 Cd escape peaks
= 0.0
[
3
O 0.05 l\‘
0.00 - ; Al v
0 10 20 30 40 50 60 70
Energy (keV)
() e s
0.12 [
X-ray (Kqg)
n.m;
0.09+ 2 | { y-ray
@ 3" 81.0 keV/
g 0.06 0.3 | ;
I
3 Ly |
0.00 %
0.03 0 10 20 30 40 50 60 70 80 90 100
‘L Energy (keV)
0.00 =
0 100 200 300 400
Energy (keV)

Fig. 8. Experimental y-ray spectra of CdSe/CdZnS NC films with different thicknesses (50, 100, and 200 um) under **'Am gamma ray irradiation, and (b) the
corresponding MCNP-simulated energy deposition spectra, confirming a 59.5 keV full-energy peak dominated by the photoelectric effect. (c) Experimental y-ray
spectrum of a 200 pm NC film under '*3Ba irradiation, and (d) the corresponding MCNP-simulated energy deposition spectrum.



J. Boo et al.

(a)
1.04 —— 6 wt% of QD
—— 5 wt% of QD
0.84 ——2wt% of QD
oy ——1 wt% of QD
< —— 0.5 wt% of QD
< 0.6
2
2 0.4
1}
[
= 0.2
0.0 : : :
600 650 700
Wavelength (nm)
(© 10 : "

—— Neat hexane
= —— 0.5 wt% of NC
= ——1 wt% of NC
3 —— 2 wt% of NC
& 05 ——5wt% of NC
s —— 6 wt% of NC
Q
[}

8]

c

=

38
0.0+

20000
Integrated charge (a.u.)

0 10000

30000

Nuclear Engineering and Technology 58 (2026) 104208

b) .
—— 6 wt% of QD
—— 5wt% of QD
— 2 wt% of QD
= —— 1 wt% of QD
3 014 ——0.5wt% of QD
>
—
1]
[
[
£ 0014
0 100 200
Time (ns)
d) 20 . :
Neat toluene
T 154 —— 6 wt% of NC
o
Q
b
9 101
@
Qo
£}
£ 051
=
5
o
0.0
0 10000 20000 30000

Integrated charge (a.u.)

Fig. 9. (a) PL emission spectra (excitation at 450 nm) and (b) decay profiles of CdSe/CdZnS NC-doped hexane at various NC loadings (0.5-6 wt%), measured in a 1
mm optical-path cuvette. (c) Net gamma spectra of NC-doped hexane and (d) NC-doped toluene (at 6 wt% NC) under '*’Cs gamma ray irradiation.

effectively minimizes reabsorption and provides more reliable condi-
tions for y-ray response measurements.

We further examined how NC concentration and the solvent envi-
ronment affect the y-ray response of NC-doped liquid scintillators. Net
gamma spectra were obtained by subtracting the spectrum of an empty
vial from that of NC-doped hexane acquired under identical *’Cs irra-
diation and acquisition settings. As shown in Fig. 9(c), increasing NC
loading in hexane shifted the peak centroid in integrated charge from
5,350, 5,720, 6,570, and 8,010 (a.u.) for NC concentrations of 1 wt%, 2
wt%, 5 wt%, and 6 wt%, respectively, demonstrating increased light
yield with higher NC concentration. This behavior is expected because
higher NC loading provides more emissive centers that can be directly
excited by secondary electrons and places more NCs in the vicinity of
excited solvent molecules, thereby enhancing the probability of non-
radiative energy transfer (e.g., FRET) to the NCs.

In the NC-doped liquid scintillator, however, the medium is domi-
nated by an organic solvent and the NC volume fraction is small.
Consequently, y rays from '*’Cs interact predominantly via Compton
scattering within the solvent, and only a small fraction of the deposited
energy is transferred to the NCs. The resulting number of photoelectrons
per event is therefore insufficient to resolve spectral features, which
precludes quantitative light yield analysis and similarly suppresses peak
formation for lower-energy y sources such as >*!Am.

Unlike hexane, NC-doped toluene (6 wt%) exhibited a substantially
reduced gamma ray response compared with neat toluene. As shown in
Fig. 9(d), although toluene produces strong intrinsic fluorescence under
137Cs irradiation, much of this solvent-originated emission is reabsorbed
by the NCs and, due to their finite PLQY, is not fully re-emitted, resulting
in fewer photons reaching the PMT. Consequently, the recorded count
rate was markedly reduced in NC-doped toluene. Overall, these results
confirm that hexane, with its lower intrinsic fluorescence, enables a
more accurate evaluation of NC-originated scintillation by minimizing
solvent-induced radiative interference.

4. Conclusions
In this study, we developed solvent- and polymer-free CdSe/CdZnS

nanocrystal (NC) films and investigated their optical and y-ray scintil-
lation properties through absolute light-yield measurements. The NC

films preserved their intrinsic PL characteristics during fabrication, and
few-hundred-micrometer-thick films could resolve photopeaks in the
tens-of-keV range. The decay time and light yield were estimated to be
~20 ns and 3,200 + 100 photons/MeV, respectively, using SPE-based
light-yield measurement. This performance is comparable to previ-
ously reported NC/polymer nanocomposite scintillators, despite the
absence of a polymer matrix, demonstrating the feasibility of NC films as
solid-state NC scintillators.

In parallel, the influence of the solvent environment on NC-doped
liquid scintillators was examined. NC-doped hexane provided measur-
able scintillation responses, whereas NC-doped toluene showed a sub-
stantial reduction in detectable signal. Although toluene generates
strong intrinsic fluorescence under y-ray irradiation, much of this
solvent-originated emission is reabsorbed by the NCs, resulting in
markedly suppressed scintillation signals. These findings highlight that
solvent choice critically affects the interpretation of NC-originated
scintillation in NC-doped liquid scintillators. Overall, this study estab-
lishes a framework for quantitative evaluation of NC scintillators and
highlights the potential of solvent-free NC films as a compact platform
for y-ray detection and future NC scintillator optimization.
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