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The influence of methylene blue (MB) and acridine yellow (AY) dyes on the spectra of luminescence of CdS
with quantum dots (QD) dye composites is investigeted. It is shown that the luminescence spectrum of the
heterosystem of nanocrystals (NC) CdS — the dye depends on the absorption region of it. The spectrum of the
luminescence of the quantum dots is shifted to the red region by the introducing into colloidal solution of the MB
dye and in a case of the insertion of AY the spectrum is shifted into the blue region. The obtained results are
explained in a point of view of the transferring the energy from the CdS quantum dots to the dyes by the Forster

mechanism.
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I ntr oduction

One of the features of crystals having a nanoscale
range and isolated in a polymer matrix is the essentia
chemical activity of its surface. Therefore, experimental
studies of nanosystems with nanocrystal matrix between
the phase boundaries and the study of processes
occurring on this boundary are relevant. Heterogeneous
systems contain nanocomposites and nanostructures
created by nanoobjects with different optical
characteristics. Properties of such nanostructures are due
to the presence of heterogeneities, boundaries, which
lead to complex interactions of the electromagnetic field
with structural e ements.

Particular importance is the study of complex hybrid
systems, consisting of semiconductor quantum dots (QD)
and biologically active molecules. Colloidal quantum
dots (CdS, CdSe, CdTe, ZnS, ZnSe) with porphyrin
molecules, phthalocyanines, dyes could be useful as
models of hybrid nanostructures for various applications.
The urgency of the research of such nanosystems is due,
firstly, to the possibility of generating generalizations of
physical interactions between the components of
heterocomposites, and secondly, a large range of
applications in photocatalysts, photovoltaic devices,
biosensors that are promising for introduction into
biomedicine and environment [1- 6].

One of the most promising materials for the creation
of hybrid structures is the methylene blue (MB) dye.
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Properties of this dye allow the use of it for various
applications, including chemical indicators, markers and
spectral-sensitization systems for photovoltaic and
photocatalysis of elements[7-10].

Acridine yellow (AY) dye is used as indicators in
medicine, biology, microbiology, pharmaceuticals, for
the detection of residual microfertility of drugs, for
example, oxacillin-based antibiotics. In microbiology it
is used as a mutagen when working with chromosomes.
It is also afluorescent dye and alocal anti-inflammatory
agent [11, 12].

. Materialsand methodology of the
experiment

Investigated cadmium sulfide nanocrystals were
obtained by chemical method from solutions of cadmium
salts (cadmium nitrate) and sulfur (sulfide sulfur) in
colloidal solution of gelatin. The formation of CdS
particles occurs as a result of the exchange reaction:

Cd(NOz); + Na,S == CdS +2NaNO; )
Dyes. methylene blue and acridine yellow of
different concentrations were added to the colloidal
solution of cadmium sulfide after the synthesis process.
Optical absorption spectra were measured on a
spectrophotometer SF-26 in the wavelength range from
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320 nm to 600 nm. To reduce the error associated with
the effect of light scattering, in the short-wave region
(320-360 nm), the USF-2 light filter was used, which
drove out the visible region of the spectrum.
Measurement error did not exceed +01%. The
luminescence was excited by a pulsed laser LCS-DTL-
374QT with a wavelength of 355 nm. Laser power is 35
mwW.

The average particle radius was estimated from the
spectra of optical absorption.

According to the theory of interband absorption [13],
the effective band gap of the nanocrystals Eg * (the
energy of the transition between the upper hole and the
lower electron levels) increases with a decrease in the
radius of the particles by law:

how =Eyg"s+EIn"(e. h) | @)
where Eg* is the optical width of the banned zone of a
bulk crystal; E,°" is the energy of dimensiona
guantization, inversely proportiona to the square of the
radius of the nanoparticle; | and n are the orbital and
main quantum numbers. The dimensional quantization
energy is defined as the difference between the effective
width of the forbidden band of the nanocrystal and the
single crystal. It can be calculated by the formula (2):
Ejin'(e.h) = (K2 @4In2)/(2my(e. h) r'2) | (3)
where my;, are the eectrons and holes of the exciting
masses; r - mean radius of nanoparticle; ¢l, n are the
roots of the Besd functions (for quantum numbers| = 0
andn=1, ®o = 3142)

Il. Research resultsand their discussion

By using formula 3, the size of the CdS QD was
determined, which is equal to 3.1 + 0.3 nm. The obtained
QDs have a wide luminescence band localized in Ay =
620 nm.

Figure 1 shows absorption spectra of nanocrystals
(NC) CdS (curve 1), dye MB of different concentrations
(curves 2-4) and dye AY (curve 5). Dye MB has a wide
absorption band in the range from 450 nm to 700 nm,
and acridine ydlow - from 320 nm to 500 nm. The
presented graph illustrates absorption spectra of dyes at
various concentrations.

On the spectrum of absorption of dye MB thereis a
structural band consisting of two components, which
according to the literature data [14] correspond to
different sates. the molecular (A 630 nm) and
aggregated (A = 580 nm) (curve 2). The long-wave part
corresponds to the molecular form, and the short-
wavelength is aggregated (dimers). As the concentration
of the dye increases, the intensity in the aggregated state
increases (curves 3, 4).

The absorption spectrum of the QD CdS (curve 1)
coincides with the absorption spectrum of the dye AY
(curve 5) and does not coincide with the absorption
spectrum of the dye MB (curves 2-4).

The absorption spectrum of the QD system CdS-dye
MB is shown in Figure 2. The short-wave spectrum of
the spectrum coincides with the absorption curve of NC
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Fig. 1. Absorption spectra of NC CdS (1) and dye
MB concentration 5 « 10°M (2); 27 « 10°M (3);
80« 10°M (4) dye AY concentration 37  10° M (5).
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Fig. 2. Absorption spectra of NC CdS (1) and NC
CdS with dye MB of different concentrations:
5¢10°M (2); 11+ 10°M (3); 16 « 10°M (4); 27 « 10
M (5).

CdS, and the long-wavelength is the absorption spectrum
of the dye. Note that in the region of 355 nm (wavelength
of the exciting laser), the dye does not absorb and this
wavelength is the exciting light only for NC CdS. This
remark is sgnificant in explaining the following results.
The spectra of the luminescence of CdS (Fig. 3,
curve 1) have an intense luminescence with a maximum
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Fig. 3. Spectra of luminescence NC CdS (1), dye
MB concentrations 5 « 10°M (2) and NC CdS with
dye MB, concentration: 27 « 10°M (3); 21 « 10°M
(4); 16« 10°M (5); 11« 10°M (6); 5 10°M (7). On
the tab: Dependence of the minimum position on the
luminescence spectrum of the nanosystem of the
CdS-dye on the concentration of the dye.

A = 600 nm. When the colorant MB is added to the
colloidal solution with the lowest concentration of 5 x
10°M (Fig. 3 of curve 7), the intensity of the dye
increases 20 times with respect to the dye in the initial
state (curve 2). In this case, the luminescence contour
undergoes significant changes, namely, the luminescence
of the long-wavelength part of the photol uminescence of
CdS NC disappears and a narrower strip of dye with a
maximum of 700 nm appears, the intensity of which
depends on the concentration of the dye.

The dye absorbs in the region from 550 nm to 650
nm, and emits in the region of large waveengths.
Characterigtically, in the region of absorption of dye, the
luminescence of CdS NC is absent. The whole spectrum
consists of two bands, namey, the minimum of the
system's QD system, the CdS-dye MB corresponds to the
maximum luminescence of the CdS QD.

Changing the luminescence intensity in the minimum
luminescence of the hetero system of QD CdS-dye MB is
shown in the insert to Figure 3. The intensity of the
luminescence of NC CdS with a dye in the region of 620
nm with an increase in the concentration of the dye
decreases.

As the concentration of the dye increases, the width
of the area of its absorption increases (Fig. 3). The
luminescence of NC CdS in the corresponding absorption
region of the dye decreases (Fig. 3, curves 3-7). The

428

2000
a
c
5
_g 1600 -
©
0
> 1200
B
c
(]
—
=
o 8004
(&)
g
£ 400
e
)
|
0

Wavelength, nm

Fig. 4. The spectra of the luminescence of the CdS
(1), the dye AY concentrations: 37 « 10° M (2), 183
« 10° M (3), and the CdS NC with a dye AY
concentrations. 7 » 10° M (4), 22 « 10° M (5), 37 «
10° M (6), 183+ 10° M (7).

pattern we observe can be explained from the point of
view of the processes of absorption in this structure and
the transfer of the luminescence energy of the NC CdSto
the dye in the region where it absorbs [15-18]. To
confirm this mechanism, a Smilar experiment with a dye
having an absorption band in the short-wave region was
conducted.

Absorption spectra and dye AY, and NC CdS are in
the same interval of wavelengths (Fig. 1). Figure 4 shows
the spectra of the luminescence of the CdS (curve 1), the
dye (curves 2,3) and the CdS with the dye (curves 4-7). It
is seen that in this structure energy absorption by the dye
occurs, which corresponds to the short-wave part of the
luminescence band CdS. As aresult, luminescence of the
dye is observed in this area. At the same time, in the
long-wavelength region, the luminescence spectrum of
NC CdS remains unchanged. This is especialy
noticeable in  solutions  containing  different
concentrations of the dye, namely, when the dye
concentration increases, the contribution of luminescence
of NC cadmium sulfide to the dstimulation of
[uminescence of the dyeincreases. Thisis also confirmed
by the normalized spectra of these curves (Figure 5).

By deducting curve 2 from curve 3 (Fig. 5), a
luminescence spectrum of cadmium sulfide was
obtained, which was formed as a result of the absorption
of part of the energy of its luminescence by a dye (Figure
5, insert).

It is observed that the luminescence of the short-
wave part is absent, since this energy was absorbed by a
dye.
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Fig. 5. Normed spectra of luminescence of NC CdS (1), dye AY concentration 37 « 10° M (2) and NC CdS
with dye AY, concentration: 37 « 10° M (3), 183« 10° M (4) Insert: CdS Luminescence spectra: without dye (1), and
with dye (2). The spectrum of photoluminescence (2) was obtained by subtracting curve 2 from curve 3.

Conclusions

As aresult of the investigation the influence of dyes
on the MB and AY on the QD CdS luminescence, the
transformation of the luminescence QD spectrum was
detected. The spectrum of the luminescence of the
heterosystem QD CdS-dye depends on the absorption
region of the dye. The spectrum of the luminescence of
the quantum dots is shifted to the red region by the
introducing into colloidal solution of the MB dye and in
acase of theinsertion of AY the spectrum is shifted into
the blue one.

It was shown that luminescence of dyesis excited by
the light of luminescence of QD CdS, and with
increasing concentration of dyes, the contribution of
luminescence of QD CdS to the dimulation of

luminescence of dyes increases.
The mechanism that causes the transformation of the

contour of the photoluminescence spectrum of QD CdS
is associated with the processes of transferring energy
from the CdS to the colorants.
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BruiuB oprasiyHux MOJIEKYJI HA JIIOMIHICHEHTHI BJIACTHBOCTI
KOMIIO3HUTIB HA OCHOBi KBAaHTOBHX TO4oKk CdS

1
O0ecvkuil Hayionanvhuil yHigepcumem imeni 1.1 Meunuxosa, synIlacmepa, 42, Odeca 65082, Vkpaina, Klara2010@meta.ua
2HTT hisuru Odecwrozo nayionansiozo yuisepcumemy imeni II. Meunukosa, syi. Iacmepa, 27, Odeca 65082, Vpaina

JocnimkeHo BIUIMB OapBHUKIB MeTwieHoBoro OnakutHoro (MB) i akpuamuoBoro sxororo (AX) Ha
CIIEKTPH JIFOMIHECLeHIli KOMIo3uTiB OapBHUKIB ¢ kBaHTOBbIMH Toukamu (KT) CdS. Iloka3aHo, 4TO CreKTp
nrominecueHii rerepocucreMd HaHokpuctanie (HK) CdS - GapBHHK 3ai1eXurh Bif 001acTi MOTrJIMHAHHS
GapBHuka. [Ipu BBeneHHi B KonoinHuii pozumH MDB OGapBHHMKa CHEKTp JIFOMiHECHEHLIl KBaHTOBHX TOYOK
3MIIIYETCA B 4EepBOHY 001acTh, a npu BeeneHHI AX - B OGnakurHy. OTpuMaHi pe3ylbTaTH HOSCHIOIOTBCS 3
TOYKHM 30pYy Iepenadi eHeprii Bix kBaHTOBUX To4ok CdS 1o 6apBHUKiB 32 MexaHizMoM Deperepa.

Knrouosi cnosa: xpanroBa Touka, 6apBHUK, JIFOMIHECLICHLIis, MEXaHi3M Iepesiayl eHeprii.
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