Journal of Siberian Federal University. Mathematics & Physics 2021, 14(2), 249-257

DOI: 10.17516/1997-1397-2021-14-2-249-257
VIIK 535.247.1

Photostability of CdTe Quantum Dots and Graphene
Quantum Dots under their Continuous Visible
and UV Irradiation

Melina A. Goryunova*
Aleksei S. Tsipotan!
Vitaliy V. Slabko!

Siberian Federal University
Krasnoyarsk, Russian Federation

Received 10.08.2020, received in revised form 11.01.2021, accepted 20.02.2021

Abstract. In the last decade, ultraviolet detectors have received significant attention due to their
widespread use in civil and military fields. In this work, we have studied the effect of radiation of different
ranges (UV and visible) on the spectral properties of CdTe quantum dots and wide-gap graphene QDs.
The results obtained can be used to create an integrated UV radiation detector based on new physical
principles.
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Introduction

Radiation sensors in the UV spectral range have been of great scientific and practical interest
for a long time. This is due not only to new scientific data on the effect of UV radiation on human
life and health, but also to the awareness of the fact that a number of tasks of an industrial,
medical, environmental, security nature can be solved with the help of such sensors [1-4].

At present, the search for new materials for sensors that record the ultraviolet radiation dose
is being actively pursued. Thus, the authors of [5] proposed methylammonium lead chloride
(MAPDCI3) as a material for a UV sensor, on the basis of which a relatively fast detector
insensitive in the visible region was obtained. The possibility of detecting ultraviolet radiation
was found in a metal-insulator-metal (MIM) structure with carbon-boron nitride [6]. One of
the promising materials for UV detection is nanostructured ZnO, in the form of nanodisks [7],
nanowires [8] and colloidal quantum dots [9].

The study of the quantum dots (QDs) optical properties is becoming increasingly important
in connection with the possible application of semiconductor nanostructures in science and tech-
nology, namely in UV sensors. Quantum dots are semiconductor nanoparticles, the electronic
properties of which differ significantly from the properties of a bulk material. Quantum dots have
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found applications in photovoltaic systems such as light emitting diodes and flat light emitting
panels, lasers, solar cells and photovoltaic converters, as biological markers, i.e. wherever vari-
able, wavelength-tunable optical properties are required. Their properties are useful for medical
technologies, optoelectronic devices [10-14], etc.

A number of works performed in recent years are devoted to the study of the stability of
quantum dots and ways to increase it. The photostability of CdSe / ZnS quantum dots and
multilayer graphene was studied in the work [15]. A correlation was established between the
quantum yield of QD luminescence and their photoelectric properties in hybrid structures. It is
shown that a decrease in the quantum yield of QD luminescence as a result of the adsorption of azo
dye molecules 1- (2-pyridylazo) -2-naphthol on the QD surface and a photoinduced increase in the
quantum yield of QD luminescence is accompanied by a symbatic change in the photoconductivity
of the structures.

The spectral properties of mixtures of colloidal CdS quantum dots with an average diameter
of 2.5 nm and methylene blue molecules dispersed in gelatin are studied. The study by the
authors of the works [16] established the manifestations of their hybrid association. An increase
in the intensity of methylene blue luminescence in the presence of CdS quantum dots is found.
A model of this effect is proposed, based on the transfer of the electronic excitation energy from
the luminescence centers of the CdS quantum dot to methylene blue molecules.

The paper proposes a [17] technique for the successful replacement of the organic shell of
colloidal QDs of cadmium selenide of various sizes. It was found that the spectral parameters of
QD samples depend on the type of organic shell. It is shown that the morphology of structures
does not depend on the size of QDs, but is determined by the chemical composition of the
organic shell. A spectral analysis of the luminescence of QD-based superstructures showed that
the position and intensity of the luminescence band strongly depends on the quality of the QD
surface passivation. Previously, the photostability of CdTe colloidal quantum dots was considered
in the work [18]. These objects were sensitive to UV radiation, however, their physical properties
change significantly, which probably will not allow their use as a material for a UV radiation
detector.

The aim of this work is to study the comparative characteristics of the photostability of
colloidal CdTe quantum dots and wide-gap graphene quantum dots when they are irradiated
with continuous radiation in the visible and UV ranges.

1. Materials

We studied water-soluble CdTe quantum dots stabilized with thioglycolic acid with a flu-
orescence maximum at 550 nm (PlasmaChem) and graphene colloidal quantum dots (CQD)
quantum dots (Sigma Aldrich). The molar concentration of CdTe quantum dots in the solution
was C' = 3-107% M, the concentration of graphene dots was C' = 1-1075 M [19]. The struc-
ture and local elemental composition of the samples were examined on a JEM-2100 (JEOL),
high-resolution transmission electron microscope equipped with an Oxford Inca x-sight energy
dispersive spectrometer at an accelerating voltage of 200 kV (Fig. 1).

2. Experimental setup

Solutions for studying the photostability of quantum dots were placed in quartz fluorimetric
cells 10x10 mm in size. A DRSh-250-3M lamp operating in a glow mode was used as a light
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Fig. 1. Physical properties of nanoparticles: electronic photographs of HR TEM CdTe (a),

optical properties: absorption and photoluminescence spectra (b) and HR TEM CQD (c) and
(d), respectively

source for irradiating the cuvettes. The emission spectrum of the DRSh-250-3M lamp is shown
in Fig. 2a. It is a series of bright lines lying in the range from 275 to 600 nm. The selection of
ultraviolet and visible ranges was carried out using an appropriate set of light filters, respectively
(Fig. 2b and Fig. 2c¢).

The power was measured using an IMO-2N average power and laser radiation energy meter,
and was equal to P = 0,067 W. The same intensity in all experiments equal to I = 379,3 W/cm?.

The absorption spectra of the solutions were investigated using a Lambda 35 spectropho-
tometer (PerkinElmer), and fluorescence spectra using a Fluorolog 3 fluorometer (Horiba Jobin
Yvon) at room temperature.

3. Experimental results

Irradiation with UV and visible ranges of the studied quantum dots was carried out for 60
minutes for each of the samples. The luminescence and absorption spectra were recorded before
the beginning of irradiation, during the course with an interval of 10 min, and after irradiation.
The evolution of the absorption and luminescence spectra is shown in Figs. 3 and 4.

As can be seen from the figures, the effect of ultraviolet radiation on CdTe quantum dots
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Fig. 2. The dependence of the radiation intensity on the wavelength for the DRSh-250-3M lamp
and the spectral ranges of irradiation, taking into account the transmission of light filters
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Fig. 3. Evolution of luminescence spectra of samples a) CdTe control, b) CdTe visible irradiation,
c¢) CdTe UV irradiation, d) CQD control, e) CQD visible irradiation, f) CQD UV irradiation
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Fig. 4. Evolution of absorption spectra of samples a) CdTe control, b) CdTe visible irradiation,
¢) CdTe UV irradiation, d) CQD control, e) CQD visible irradiation, f) CQD UV irradiation

leads to a significant decrease in both absorption and luminescence depending on the exposure
time. In this case, exposure to radiation in the visible range leads to a significantly smaller
change in these characteristics. In the case of graphene quantum dots, irradiation in both the
visible and UV ranges has a smaller effect on the absorption and luminescence spectra.

For further analysis of the data obtained, the dependences of the magnitude of the maximum
of the luminescence intensity and absorption were plotted, normalized to the magnitude of the
maxima before the start of irradiation (Fig. 5).

As can be seen from Fig. 5, irradiation of the CdTe quantum dot solution with the UV
range of the spectrum leads to a decrease in the maximum intensity of both absorption and
luminescence. The initial increase in the maximum absorption intensity is associated with an
increase in scattering by large agglomerates of particles formed during irradiation with ultraviolet
light. The mechanism of the effect of UV radiation on quantum dots is considered in detail in
the work [18]. At the same time, the maximum intensity for the control sample and the sample
irradiated in the visible range practically does not change within the measurement error.

The behavior of graphene quantum dots is different. The luminescence intensity remains for
all 3 samples within the measurement error. In the absorption spectra of graphene quantum dots,
a decrease in intensity is observed upon irradiation with UV light. In contrast to CdTe quantum
dots, no increase in the absorption intensity is observed at the initial stage, which suggests that
these quantum dots do not form, at least at the initial stage, aggregates.

Fig. 6 shows the change in the luminescence and absorption wavelength maxima of quantum
dots with the time of irradiation in different ranges.

Fig. 6a shows that the change in the maximum of the luminescence wavelength with the time
of irradiation practically does not occur in all three CdTe samples. Note that the wavelength
of the absorption maximum shifts to the region of shorter wavelengths, when irradiated with
UV light, which is associated with a decrease in the size of individual particles, and the spectral
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Fig. 5. a) Normalized change in the maximum of the luminescence intensity from the exposure
time, b) Normalized change in the maximum absorption intensity from the exposure time

position of the absorption maxima of samples numbered 1 and 2 (control and irradiated in the
visible range) is practically match.

At the same time, the position of the absorption and luminescence maxima of graphene quan-
tum dots practically does not undergo any changes, which suggests that the sizes of individual

particles remain constant.

Conclusion

Colloidal graphene quantum dots and CdTe investigated in this work retain their optical
and structural properties when exposed to radiation in the visible range, which is important
for a number of their applications, for example, as solar cells. At the same time, their optical
properties change when exposed to UV radiation. The latter allows them to be used as detectors
that allow determining the dose of the radiation received. At the same time, the effect of UV
radiation on CdTe quantum dots manifests itself in the form of a shift in the absorption maxima
and an increase in optical density in the region of the first exciton transition due to particle
aggregation and light scattering by large conglomerates, which leads to the need for additional
processing of spectra. In the case of graphene quantum dots, the effect of UV radiation manifests
itself in a decrease in the absorption maximum, which directly makes it possible to judge the

received radiation dose.
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Fig. 6. a) Changes in the maximum of the luminescence wavelength from the time of irradiation,
b) Changes in the maximum of the absorption wavelength from the time of irradiation
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doTocTabUIBLHOCTDL KOJLJIONIHBIX KBAaHTOBBIX ToueK CdTe
1 rpadEeHOBBIX KBAHTOBBIX TOYEK IPU UX 00JIyUYeHUN
HeIPEPbIBHBIM U3JIy4YeHneM B BuaAuMOM u Y ®-amamna3oHax

Menuna A.ToproHoBa
Anekceii C. ITunoran

Buranuii B. Cinabko
Cubupckuii deiepaibHbIl YHUBEPCUTET
Kpacnosipck, Poccuiickaa Penepariust

Awnnoranus. B nociiennee gecaruierne yabTpaduoIeTOBbIE I€TEKTOPDI IIPUBJIEK/IM 3HAYATEHHOE BHU-
MaHHe M3-3a WX IIMPOKOrO IPUMEHEHHs B I'PaKJIAaHCKOW M BOeHHON obsiacrsix. B macrosieit pabore
MCCJIEIOBAHO BJIUSHUE U3JIy9eHUsI PA3HBIX nuana3oHoB (Y®- u BEIMMOrO) Ha CIEKTPAJILHBIE CBOWCTBA
kBaHTOBBIX TOoYeK CdTe u mupokozonnsix rpadenossix KT. ITosy4yennbie pe3ynbraTsl MOTYT OBITH HC-
[IOJIb30BaHbBI JJIsI CO3/IaHUs] WHTErPAJILHOrO JlerekTopa Y P-n3iiydeHnsi HA HOBBIX (DU3MYECKUX IIPUHIM-
max.

KuaroueBrble cioBa: nerekTopbl Y D-nsiydennsi, KBAHTOBbIE TOYKHU, (POTOCTAOUIHHOCTD.
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