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Cadmium sulfide (CdS) nanoparticles (NPs) are synthesized into a branched dextran-graft-
polyacrylamide matrix. The obtained stable sol is characterized by spectrophotometry, fluo-
rescence spectroscopy, transmission electron microscopy, and dynamic light scattering. The
polymer affects the process of the nanoparticle formation, namely controls their size and mor-
phology, and enhances the sols storage stability preventing the nanoparticles aggregation. It
is shown that CdS NPs obtained in a branched polymer matrix are monodisperse 4–6 nm in
size and form clusters (50–200 nm in size) localized in a limited macromolecule volume. The
CdS nanoparticles reveal the improved blue light emission and may be considered as a promis-
ing material for light-emitting devices, especially in the blue region. They may have potential
applications as biological labels.
K e yw o r d s: nanoparticles, absorption spectra, fluorescence spectra, transmission electron
microscopy, polymer matrix.

1. Introduction

Semiconductor nanoparticles have attached much at-
tention during the past decade due to their unique
size-dependent luminescence, optical, and electrical
properties [1–3]. CdS nanoparticles belong to the
group of chalcogenides and show a very high surface-
to-volume ratio and are quantum confident on the
nanoscale. CdS is one of the most studied mate-
rials with a band gap of 2.4 eV [4]. It is primarily
used in solar cells and a variety of electronic de-
vices. CdS nanoparticles also have very high photo-
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sensitivity that makes them a promising candidate
for the detection of visible radiation. They enhance
the efficiency of solar cells and are used in LEDs
and a number of biological applications. In the recent
years, a great attention was focused on the synthesis
of the nanocrystals containing Cd directly inside of a
polymeric matrix [5–7] and using biological systems
[8–10]. The photo-conductive and electroluminescent
properties of cadmium sulfide have been applied in
manufacturing a variety of consumer goods. That is
why the simple synthesis of semiconductor nanopar-
ticles is crucially important not only for the study of
their physical properties, but also for the industrial
application in the area of catalysts, photo-catalysts,
and microelectronics.
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The size and shape of NPs are actually controlled
by the synthesis condition [11]. Due to a high reac-
tivity of NPs, the preparation of stable nanosystems
requires a protection agent preventing the possible
aggregation process [12]. Polymers enhance the sta-
bility of nanoparticles by introducing steric and/or
electrostatic repulsions between them. On the other
hand, polymers can also play a significant role in the
process of nanoparticle formation, namely they can
control their size and morphology [13].

In the present paper, the characterization of cad-
mium sulfide nanoparticles synthesized into branched
polymer matrices has been studied.

2. Experimental Details

2.1. Materials

CdSO4, Na2S, and NaBH4 were purchased from
Sigma-Aldrich, Germany and used without addi-
tional purification. The branched star-like copolymer
dextran-g-polyacrylamide (D-g-PAA) was as a matrix
for the synthesis of CdS nanoparticles. The polymer
plays the role of a matrix, by acting as nucleating,
capping, and stabilizing agents simultaneously.

The copolymer was obtained by the free-radical
polymerization initiated by a ceric ion reducing agent.
Namely, the polyacrylamide chains were grafted onto
the dextran core (𝑀𝑤 = 7×104 g/mol) [14, 15]. The
redox process initiates free radical sites exclusively
on the polysaccharide backbone, thus preventing the
formation of PAA homopolymers [15].

The synthesis, identification, and analysis of the
polymer average structure were described in [14,
15]. The theoretical number of grafting sites per dex-
tran backbone for the sample we used in the present
work was equal to 5. The molecular characteristics of
the branched polymer are: 𝑀𝑤 = 1.57 × 106 g/mol,
𝑀𝑤/𝑀𝑛 = 1.81, and 𝑅𝑔 = 85 nm.

This copolymer has star-like structure consisting
of a compact dextran core and long polyacrylamide
arms [14, 15]. It was reported in our previous study
that branched polymers were much more efficient
for the synthesis of silver nanoparticles [16–18]. The
structure peculiarities of branched polymers caused
a higher local concentration of functional groups in
comparison with their linear analogue, giving the ad-
vantages for the application of branched polymers as
matrices in nanotechnologies.

2.2. Synthesis of CdS nanoparticles

The synthesis of CdS nanoparticles was carried out
in a solution of the polymer at room temperature
(25 ∘C). Stock solution of CdSO4 (0.1 M) and Na2S
(0.1 M) in deionized water was prepared. A 0.9 ml
portion of CdSO4 was added to 20 ml of the aqueous
polymer solution (𝑐 = 1 × 10–3 g/cm3), the mixture
was stirred for 15 min, then 0.9 ml of Na2S stock solu-
tion was injected under stirring. The resulting stable
yellow CdS colloid was characterized in 24 h and then
remained essentially unchanged for 4 months.

2.3. Characterization

UV-visible absorption spectra of sols were collected
using a Specord UV-Vis (Analytic Jena) spectro-
photometer over a wavelength range from 300 to
800 nm. Original solutions were diluted 25 times be-
fore spectral measurements. The estimation of the av-
erage sizes of nanoparticles from the absorption spec-
tra was performed using the effective mass approxi-
mation [17, 18].

Fluorescence spectra were recorded using a Cary
Eclipce spectrofluorometer (Varian) in a quartz cell
(1×1 cm). The source was a xenon lamp pulsed at 80
Hz with exceptionally long lifetime. The pulses had
the width at a half-peak height ∼2 𝜇s, the peak power
is equivalent to 75 kW.

Transmission Electron Microscopy. For the sample
preparation, 400 mesh Cu grids with a plane carbon
film were rendered hydrophilic by a glow discharge
treatment (Elmo, Cordouan Technologies Bordeaux
France). A 5 𝜇l drop was deposited and let adsorbed
for 1 min. Then the excess of the solution was re-
moved with a filter paper piece. The observations of
Ag NPs were carried on two TEMs, Tecnai G2 or
CM12 (FEI, Eindhoven, Netherlands), and the im-
ages were acquired with a ssCCD Eagle camera on the
Tecnai and a Megaview SIS Camera on the CM12.

Quasielastic Light Scattering (QELS). The Dy-
namic Light Scattering (DLS) measurements were
carried out using a Zetasizer Nano ZS90 (Malvern
Instruments Ltd., UK). The apparatus contains a 4-
mW He–Ne laser with a wavelength of 632.8 nm, and
the scattered light is detected at an angle 60∘. The in-
verse Laplace transformation of experimental correla-
tion functions was performed using the MathLab code
rilt.m [http://www.mathworks.com/matlabcentral/
fileexchange/6523-rilt/content/rilt.m].

ISSN 0372-400X. Укр. фiз. журн. 2017. Т. 62, № 10 903



A. Naumenko, N. Kutsevol, V. Chumachenko et al.

3. Results and Discussion

CdS nanoparticles have been prepared by the copre-
cepitation method in an aqueous solution of graft
copolymers Dextran-Polyacrylamide (D-g-PAA). The
TEM image analysis confirms the existence of sin-
gle CdS particles 4-6 nm in size, as well as the ag-
gregates of percolated particles (Fig. 1). Individual
CdS nanoparticles are well defined and are nearly

a
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c
Fig. 1. TEM images of CdS/D-g-PAA samples. Inset scale
bar is 50 nm (𝑎), 100 nm (𝑏), 200 nm (𝑐)

Fig. 2. Dynamic Light Scattering results

spherical (Fig. 1, a). It is seen that single CdS NPs
are not dispersed regularly in the sol, but form local
structures-clusters with the average size of 50–200 nm
(Fig. 1, b–c).

The DLS results evaluated for this nanosystems
show the existence of both single CdS nanoparticles
of 4–6 nm and aggregates having the average size of
200 nm (Fig. 2). With regard for the TEM images,
analysis of DLS results, molecular parameter of the
polymer (𝑅𝑔 = 85 nm), and synthesis conditions, it
can be suggested that the single CdS nanoparticles
have been grown directly in the polymer molecule and
form the clusters localized in a limited macromolecule
volume.

The room temperature optical absorption spec-
trum of CdS/D-g-PAA hybrids dispersed in water is
shown in Fig. 3, a. The absorption spectrum exhibits
a broad absorption band between 350–550 nm, which
is due to the first optically allowed transition of CdS
between the electron states in the conduction band
and the hole state in the valence band [19–21]. The
obtained spectrum of CdS nanoparticles exhibits a
blue shift comparing to the bulk CdS (540 nm) [4 ]
caused by a decrease in the particle sizes. As is seen
from Fig. 3, b, the absorption band displays the shoul-
der on the short-wavelength side and consists from at
least three bands centered at 370, 403, and 448 nm.

We have estimated the nanoparticle sizes from ab-
sorption spectra data and find, using the well-known
Brus formula [22],

Δ𝐸 = 2~2𝜋2/𝑑2𝜇− 3.57𝑒2/𝜖𝑑− 0.124𝑒4𝜇/~2𝜖2, (1)
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Fig. 3. Room temperature optical absorption spectra of
CdS/D-g-PAA hybrids (a) and the results of decomposition
of the absorption band after the subtraction of a polymer ab-
sorption shoulder (b)

where Δ𝐸 = 𝐸𝑔(CdS)nano − 𝐸𝑔(CdS)bulk, 1/𝜇 =
= 1/𝑚𝑒 + 1/𝑚ℎ, 𝜖 is the dielectric constant of CdS,
and 𝑑 is the diameter of the nanoparticle.

The sizes of cadmium sulfide nanoparticles were
also estimated using the empirical formula [23]

𝑑 = −6.65× 10−8𝜆3 + 1.96× 10−4𝜆2 −
− 9.24× 10−2𝜆+ 13.29, (2)

where 𝜆 nm is the position of the low-energy absorp-
tion band.

The calculations give the particle sizes of 2.6, 3.5,
and 5.3 nm.

Fig. 4. Fluorescence emission spectra of CdS nanoparticles
synthesized in star-like Dextran-graft-polyacrylamide matrices

The room temperature fluorescence spectrum of
CdS nanoparticles is shown in Fig. 4. The spec-
trum consists of three bands centered at 408, 645, and
715 nm. The emission at 408 nm is strong, is located
at the absorption edge, and should be attributed to
the excitonic fluorescence [8, 24]. The observed broad
emission peaks at 645 and 715 nm are commonly
attributed to the recombination of charged carriers
trapped in the surface states and are related to the
size of nanoparticles. The excitonic emission is much
stronger than the trapped emission, by demonstrat-
ing a good surface passivation of particles.

4. Conclusions

This work presents a facile chemical precipitation syn-
thesis route of cadmium sulfide nanoparticles at room
temperature using star-like dextran-graft-polyacryla-
mide matrices. The size and shape of NPs are actu-
ally controlled by the choice of the reductant, protec-
tion agent, and synthesis conditions. The CdS nano-
particles synthesized into branched polymer matrices
have been characterized using transmission electron
microscopy, as well as the absorption and photolumi-
nescent spectroscopy methods. It is revealed that CdS
NPs are monodisperse, are 4–6 nm in size, and form
clusters localized in a limited macromolecule volume
of the polymer matrix. The results indicate that the
preparation method is sufficiently efficient for remov-
ing the surface defects of CdS NPs. The prepared CdS
nanoparticles revealed an improved blue light emis-
sion, and they may be considered as a promising ma-
terial for light emitting devices, especially in the blue
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region. The prepared nanoparticles may have poten-
tial applications as biological labels.
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СИНТЕЗ ТА ХАРАКТЕРИЗАЦIЯ ЗОЛIВ СdS,
ОТРИМАНИХ В РОЗГАЛУЖЕНИХ МАТРИЦЯХ
ДЕКСТРАНПОЛIАКРИЛАМIД
Р е з ю м е
Наночастинки (НЧ) сульфiду кадмiю (CdS) були синтезо-
ванi в розгалудженiй полiмернiй матрицi декстранполiак-
риламiд. Отриманий стабiльний золь було охарактеризова-
но методами спектрофотометрiї, флюоресценцiї, трансмi-
сiйної електронної мiкроскопiї та динамiчного розсiюван-
ня свiтла. Полiмер впливав на процес формування нано-
частинок, а саме – контролював їх розмiр, морфологiю та
забезпечував їхню стабiльнiсть при зберiганнi, запобiгаю-
чи агрегацiї наночастинок. Було показано, що отриманi в
розгалуженiй полiмернiй матрицi CdS НЧ були монодис-
персними з розмiром 4–6 нм та утворювали кластери (50–
200 нм), локалiзованi в обмеженому об’ємi макромолеку-
ли. CdS-наночастинки показали покращену емiсiю, вони є
перспективним матерiалом для свiтловипромiнюючих при-
строїв, особливо для синьої дiлянки спектра. Також вони
можуть знайти застосування як бiологiчнi маркери.
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