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Temperature dependences of photoluminescence (PL) spectra of
CdTe quantum dots (QDs) in a polymer matrix have been studied.
The CdTe QDs in a polymer matrix were prepared by transferring
them from an aqueous colloid solution. A long storage of speci-
mens was found to result in a bimodal distribution of CdTe QDs
by their size in the polymer matrix. The activation energies of the
temperature quenching of photoluminescence bands of CdTe QDs
in the polymer matrix that correspond to PL bands produced by
QDs with different sizes have been determined. The photolumi-
nescence of investigated specimens was found to have the exciton
mechanism, which is confirmed by the temperature dependence of
the PL peak position and the dependence of the integral PL in-
tensity on the optical excitation intensity.

1. Introduction

In the last years, a large attention has been paid to the
development of new technologies for the fabrication of
high-quality stable quantum dots (QDs) on the basis
of semiconductor substances in solid matrices of var-
ious types and to the research of their luminescence
characteristics [1–6]. The interest in such researches
is associated with the opportunity of practical applica-
tions of QDs, in particular, the creation of highly ef-
ficient light-emitting devices on their basis. The radi-
ation wavelength in such devices can be controlled by
varying QD dimensions only, not changing their chem-
ical composition. By introducing QDs of different sizes
into a solid matrix, one can obtain white light sources,
light-emitting diodes, and low-threshold lasers that are
characterized by low power consumption and high dura-
bility [7–10]. The most applied technique for manufac-
turing A2B6 QDs is their synthesis in aqueous colloid
solutions and their subsequent transfer into solid poly-
mer matrices. The radiation efficiency of such QDs at
room temperature reaches 80%, which is much higher

than that for light-emitting diodes fabricated on the ba-
sis of p-n-junctions.

For the high light-emitting characteristics of A2B6

QDs to be practically implemented into the manufac-
ture of new-generation optoelectronic devices, a detailed
profound study of their luminescence properties, which
substantially depend on the QD manufacture technique,
is required. Researches of PL spectra emitted by QDs
(made up of A2B6 and other semiconductor materials),
which were fabricated under different technological con-
ditions, in wide ranges of temperature and QD excitation
intensity, allow, first, the regimes for synthesizing stable
QDs to be optimized and, second, important informa-
tion concerning the fundamental characteristics of QDs
(the energy parameters of charge carriers; their depen-
dences on the state of the QD surface and the properties
of a matrix, in which they are located; the mechanisms
of radiation recombination; the exciton parameters; the
features of electron-phonon and exciton-phonon interac-
tion, etc.) to be obtained. We have also analyzed the
temperature dependences of the photoluminescence pro-
duced by CdTe QDs in a polymer matrix.

2. Specimen Fabrication and Experimental
Technique

CdTe QDs stabilized by thioglycolic acid were synthe-
sized in an aqueous solution at room temperature fol-
lowing the standard technique [11,12]. The following re-
actants were used to synthesize CdTe QDs: “chemically
pure” CdCl2, thioglycolic acid (Aldrich, purity higher
than 98%), “pure” 0.1 M solution of NaOH, “pure” 0.1 M
solution of HCl, tellurium of TV-4 grade, and deionized
water (a specific resistance of 18 MΩ).

Polymer films with CdTe QDs were fabricated follow-
ing the technology of level-by-layer (LBL) deposition of
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oppositely charged components on the substrate surface
[13, 14]. As a polycation component of composite films,
the polyelectrolyte poly(diallyldimethylammonium chlo-
ride) (PDDA) (Aldrich) was used. Films were deposited
onto glass substrates which had been preliminary washed
out and kept in the “piranha” mixture (“chemically pure”
concentrated H2SO4 and a 30% solution of “analytically
pure” H2O2 taken in the ratio 3:1). Owing to this wash-
ing out, the surface was hydroxylized, and a substantial
negative surface charge was created, which promoted the
polycation adsorption from the aqueous solution.

The films were deposited automatically, using the
cyclic repetition of operations to deposit 30 layers:
the adsorption deposition of a monomolecular layer of
PDDA polycation onto the prepared wafer surface by
means of immersing the substrate into the polycation so-
lution, washing out a wafer from the excess of polymer
molecules in deionized water, and the adsorption depo-
sition of a CdTe QD monolayer onto the previously de-
posited polymer monolayer by immersing the substrate
into the CdTe QD solution.

PL spectra were measured in the temperature range
from 5 to 300 K in an optical helium cryostat of the
UTREKS system supplied with a K.41 electronic block
to control and to stabilize the temperature to an ac-
curacy of about 0.1 K. PL was excited by a He-Cd
laser with a wavelength of 325.0 nm and a radiation
power of 10 mW. The PL signal was registered using
an installation on the basis of an MDR-23 spectrome-
ter equipped with a FEU-100 photomultiplier with the
computer-assisted control over the spectrum scanning.

3. Experimental Results and Their Discussions

In Fig. 1, the PL spectra of CdTe QDs in a colloid solu-
tion (curve 1), after their transfer from the colloid solu-
tion into PDDA (curve 2), and after holding this speci-
men at room temperature for about 2.5 years (curve 3)
are depicted. In all cases, the measurement temperature
was T = 300 K. One can see that the PL band of CdTe
QDs in the colloid solution with Emax = 2.37 eV became
shifted toward the high-energy region to Emax = 2.41 eV
after CdTe QDs had been transferred into PDDA, and
its halfwidth decreased a little (from 230 to 180 meV).
This shift testifies that QDs of smaller dimensions are
presumably incorporated into the PDDA polymer at the
selected way of their transfer from the colloid solution.
In other words, the insertion process is size-selective (the
average size of CdTe QDs evaluated on the basis of lit-
erature data and by calculations in the framework of
effective mass approximation for CdTe QDs [15] taking

Fig. 1. Normalized PL spectra of CdTe QDs synthesized in a
colloid solution (1), after transferring CdTe QDs from the colloid
solution into a PDDA polymer matrix (2), and after holding the
PDDA specimen with CdTe QDs for 2.5 years at room temperature
(3). The spectra were measured at T = 300 K

the maximum position of the first absorption band into
account [16] amounts to 3.8 nm for the colloid solution
and to 3.7 nm for the PDDA one).

It is worth to note that the long holding of PDDA
specimens with incorporated CdTe QDs gave rise, first,
to an about twofold reduction of the integral PL intensity
and, second, to a QD enlargement which manifested it-
self in a shift of the PL band toward the low-energy range
with a considerable “stretching” of its low-energy side.
The changes observed can originate from the polymer
dehydration and the absorption of atmospheric gases,
which results in a compensation of positively charged
molecules of PDDA polymer, a corresponding reduction
of the intermolecular distance in the film and between
QDs, and their possible coagulation. This process is very
slow (in our case, it took two and a half year), but the
increase of QD dimensions clearly manifests itself in the
PL spectra. Another explanation of the described phe-
nomenon can be the solid-state diffusion of CdTe QDs
in the polymer, which results in their aggregation.

Let us analyze the shape of the PL band produced by
CdTe QDs inserted into the polymer matrix and held
for 2.5 years (Fig. 2). The pronounced bend in the low-
energy wing of PL band points to the possibility to re-
solve this band (in the first approximation, by assum-
ing that the QD dimension distribution is Gaussian-like)
into two ones: band 1 at Emax = 2.17 eV and band 2
at Emax = 2.41 eV (Fig. 2). Hence, the long holding of
QDs in the PDDA polymer brought about, in our case,
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Fig. 2. Solid curve is the PL spectrum of CdTe QDs in PDDA at
T = 7 K. Curves 1 and 2 are PL bands determined by decomposing
the major spectrum assuming the Gaussian-like distributions of
QDs over their dimensions. Dashed curve is the PL spectrum of
CdTe QDs in PDDA at T = 280 K normalized by the intensity to
the corresponding PL spectrum at T = 7 K

Fig. 3. PL spectra of CdTe QDs in PDDA at various temperatures
in the interval T = 5÷ 300 K

a bimodal distribution of CdTe QDs over their dimen-
sions.

The shape of the PL band produced by CdTe QDs in
PDDA, when the measurement temperature grew from 7
to 280 K, turned out, at first glance, a little unexpected

Fig. 4. Temperature dependences of the integral intensities of PL
bands 1 (Emax = 2.17 eV) and 2 (Emax = 2.41 eV). Points cor-
respond to the experimental results, curves depict the results of
theoretical calculations

(Fig. 2, dashed curve). To make the matter more clear,
the maximum of the PL band measured at T = 280 K
was normalized to the maximum of the PL band mea-
sured at T = 7 K. One can see that the low-energy wing
became smoother, and the bend observed at T = 7 K
practically did not manifest itself.

The detailed researches concerning the temperature
dependence of the shape of the PL spectrum produced
by CdTe QDs in the range 5–300 K showed that the bend
becomes gradually “smoothed out” on its low-energy side
at T > 100 K (Fig. 3). The described behavior of the
PL band shape became clear after studying the tempera-
ture dependences of the integral intensities of PL band 1
(Emax = 2.17 eV) and 2 (Emax = 2.41 eV).

In Fig. 4, the corresponding experimental dependences
of the integral intensities of bands 1 and 2 on 103/T are
depicted and confronted with the dependences theoreti-
cally calculated by the formula

I =
I0

1 + C exp
(
− Ea

kBT

) ,

where Ea, the activation energy of temperature quench-
ing of the PL integral intensity, is a fitting parameter.
The calculated values of Ea are 150 meV for the first
band (Emax = 2.17 eV) and 128 meV for the second one
(Emax = 2.41 eV). Hence, the activation energy is lower
for the second (located at higher energies) band. That
is why the second band is quenched much more than
the first one, when the measurement temperature grows
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Fig. 5. Temperature dependences of the energy positions of the
PL maximum of CdTe QDs incorporated into the PDDA polymer
matrix (1 ) and the energy gap width in a bulk CdTe (2 )

from 7 to 280 K. In so doing, the intensity ratio I1/I2

changes in favor of I1, as the temperature grows, which,
in its turn, “smoothes out” the bend in the low-energy
wing of the PL band produced by CdTe QDs in PDDA.
Concerning the lower activation energy of the tempera-
ture quenching of the second PL band (located at higher
energies, which corresponds to smaller average dimen-
sions of QDs) in comparison with that for the first band,
it is evident that such a character of the temperature PL
quenching is governed by peculiarities in the behavior of
charge carriers in quantum-dimensional structures. The
thermal emission of charge carriers into the barrier or
onto the defect states at the quantum structure surface
is known to be the major mechanism of temperature PL
quenching in quantum-dimensional structures. Earlier,
we demonstrated that the imperfection degree of CdTe
QDs grows at a reduction of their size. Therefore, the in-
tegral PL intensity decreases faster for the second band,
which corresponds to smaller QD dimensions – maybe,
owing to a larger imperfection of the QD surface and as
a result of the corresponding charge carrier caption at
surface traps [17].

To elucidate the mechanism of radiation recombina-
tion in CdTe QDs that were incorporated in the PDDA
polymeric matrix, we analyzed the temperature depen-
dence of the energy position of the PL maximum (Fig. 5).
The same figure exhibits the temperature dependence
of the energy gap width in bulk CdTe. According
to Fig. 5, the PL maximum shift (Emax) toward the
low-energy region, as the temperature increases from
5 to 300 K, is about 40 meV, with the dependence

Fig. 6. Dependence of the PL intensity of CdTe QDs in PDDA on
the optical pumping intensity on the log-log scale

Emax(T ) as a whole completely reproducing the tem-
perature modification of the energy gap width Eg(T ).
Such a character of the dependence Emax(T ) testifies
to the exciton mechanism of PL in CdTe QDs under
consideration. Note that a similar correlation between
Eg(T ) and Emax(T ) in CdSe/ZnS nanocrystals allowed
the authors of work [18] to interpret the observed PL
line by the exciton mechanism of radiation recombina-
tion.

In our case, an additional support in favor of the
exciton mechanism of PL in CdTe QDs in PDDA is
a linear dependence of the PL intensity logarithm on
the optical excitation intensity logarithm (Fig. 6). Such
a dependence is characteristic of PL produced by cou-
pled excitons, including excitons localized in quantum-
dimensional structures.

4. Conclusions

Techniques for the synthesis of CdTe quantum dots in
an aqueous colloid solution and their transfer into a
PDDA polymer matrix have been developed. A bi-
modal distribution over the dimensions of CdTe QDs
in PDDA after their long storage (for 2.5 years) at
room temperature was established; this distribution
manifests itself in the PL spectra in the form of two
bands (at 2.17 and 2.41 eV). The activation energies
Ea = 150 and 128 meV of temperature quenching of
two PL bands produced by CdTe QDs in a PDDA
polymer matrix are determined. The exciton mech-
anism of photoluminescence produced by CdTe QDs
incorporated into a PDDA polymer matrix is estab-
lished.
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ТЕМПЕРАТУРНА ЗАЛЕЖНIСТЬ ФОТОЛЮМIНЕСЦЕНЦIЇ
КВАНТОВИХ ТОЧОК CdTe У ПОЛIМЕРНIЙ МАТРИЦI

Д.В. Корбутяк, С.М. Калитчук, Ю.Б. Халавка, Л.П. Щербак

Р е з ю м е

Дослiджено температурнi залежностi спектрiв фотолюмiне-
сценцiї (ФЛ) квантових точок (КТ) CdTe у полiмернiй матри-
цi, виготовлених шляхом перенесення їх з водного колоїдно-
го розчину. Встановлено бiмодальний розподiл за розмiрами
КТ CdTe у полiмернiй матрицi в результатi їх тривалої ви-
тримки. Визначено енергiї активацiї температурного гасiння
смуг фотолюмiнесценцiї КТ CdTe, iнкорпорованих у полiмер-
ну матрицю, що вiдповiдають смугам ФЛ квантових точок рi-
зних розмiрiв. Встановлено екситонний механiзм фотолюмiне-
сценцiї дослiджуваних зразкiв, який пiдтверджується темпе-
ратурною залежнiстю положення максимуму ФЛ та залежнi-
стю iнтегральної iнтенсивностi ФЛ вiд iнтенсивностi оптичного
збудження.
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