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Samples of cadmium selenide colloidal quantum dots (CQDs) prepared in water and
organic media were studied. The possibility to control luminescence peak position through
technological parameters variation during synthesis process was shown and different
luminescence mechanisms in CQDs were demonstrated. Cadmium selenide CQDs with inor-
ganic shell of cadmium sulfide were synthesized and it allowed raising emission intensity
several times.

HccnemoBanucs o6pasipl KOJMIOUIHBIX KBAHTOBRIX Touek (CQDs) ceseHnpa KagMmMus, CUH-
Te3UPOBAHHBIX B BOJHOM M OpraHndeckoil cpegax. Ilokasana BO3SMOMKHOCTH YIIPABIEHUSA
IMOJIOKEHNEM IIMKA JIOMUHECIeHIINN 34 CYeT H3MEHEHHS TEeXHOJOTMUYECKHX I1apaMeTpoB B
IIpollecce CHHTE3a, a TAKMKe IIPOJeMOHCTPUPOBAHLI PA3JHUUHbIE MEXAHU3MBbI JIOMUHECICHIIUN
B CQDs. Cunresuposausl CQDs Ha ocHOBe CeleHHIA KAAMUA, HOKPBITOrO HEOPraHM4YecKou
000JIOUKOM Ccynbhuaa KaIMUS, UTO [IO3BOJMJIO IIOBBICUTH MHTEHCUBHOCTDL JIOMHHECIECHIIUU B
HECKOJIbKO Das.

HocmigxeHHA TIOMiHECHEHTHHX BJACTHUBOCTEH KOJOIMTHUX KBAHTOBUX TOYOK HA OCHOBI
xaapKoreHigiB kammiw. [.J.Muxaiinos, C.A.Tapacos, A.B.Conomonos, JI.B.MamiouikiH,
H.C.Masine.

Hocrim:KeHo 3pasKu KOJOIZHMX KBaHTOBUX TouokK (CQDs) ceneniny kaamiio, cuHTesoBa-
HUX Y BOAHOMY i opramiunomy cepegoBumiax. IIokasamno MOKJIMBICTL KePYBAHHSA IMOJOKEH-
HAM ITiKa JIoMiHecHeHIIIT 38 paXyHOK 3MIiHM TeXHOJOTIUHUX NapaMeTpiB y mpolieci cuHTe3y,
a TaKOK TIPOJEeMOHCTPOBAaHO pisHi Mexauismu miominecneniii B CQDs. Cunrtesosano CQDs Ha
OCHOBI cejleHily KaaMiio, TOKPUTI HeOpraHiuHOI OOOJOHKOI cyabdiay Kaamiio, Mo A03BO-
JWJIO TiABUIIUTYA iHTEHCUBHICTH JIOMiHecCIeHIlil Yy AeKinbKa pasis.
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1. Introduction

For the last decade colloidal quantum
dots (CQDs) have become an object of par-
ticularly intensive studying. CQDs are semi-
conductor particles of nanometer scale syn-
thesized in liquid media and characterized
by unique properties which substantially
differ from bulk material properties. The
most important feature of semiconductor
nanoparticles is that they exhibit quantum
size effects. These effects manifest them-
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selves in the discretization of the energy
spectra and in dependence of the position of
the energy levels from the geometric size of
colloidal semiconductor nanoparticles. One
of the most important advantages of CQDs
is facility of geometric size tunability
through technological parameters variation
(time, temperature etc.) and that synthesis
procedures don’t require expensive equip-
ment and materials. Therefore on the basis
of the semiconductor nanoparticles both in-
expensive analogs of modern nano- and op-
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toelectronics devices and principally new
types of equipment can be developed. CQDs
is promising material for a high-perform-
ance LED and laser structures creation, as
well as photosensitizers in solar cells or lu-
minophores in micro-devices for optical to-
mography of biological tissues.

2. Experimental

In order to investigate properties and
characteristics of CQDs, methods of non-in-
vasive optical spectroscopy were applied.
These techniques are based on the utilizing
of photoluminescence effects and allow ob-
taining information regarding particle size,
crystal structure quality, quantum yield
and other CQDs parameters [1].

A measuring device based on a quick
scan spectrometer (QSS) Ocean Optics USB-
4000 allowing photoluminescence full range
registration in a short time period was ad-
justed and configured to study photolumi-
nescence spectra [2]. The sample in a quartz
cell was placed into special holder and was
excited by a focused laser radiation at a
wavelength of 445 nm. The photolumines-
cence signal was collected by the collimating
optical system and was directed to the input
QSS by means of a fiber. Data from the
spectrometer was analyzed automatically by
means of specialized software designed in
the LabView environment [3].

In the first part of the work CdSe CQDs
were prepared in aqueous medium with the
use of thioglycolic acid (TGA) acting as sur-
factant. The particles were obtained by
means of injection of NaHSe solution into
cadmium containing precursor solution at
approximately 97°C. Synthesis lasted for
90 min and initial temperature was main-
tained constant. Molar ratio of the compo-
nents amounted to [TGA]:[Cd]:[Se]=
1.4:1:0.6. Samples were collected sequen-
tially in the process of the reaction at defi-
nite points of time. Absorption and photolu-
minescence spectra of these nanoparticles
are depicted in the Fig. 1. Absorption
onset and photoluminescence peak shift to
long-wavelength region with time which in-
dicates that average nanoparticle size in-
creases in the process of the reaction. It is
noticeable that CQDs growth slows down
after 25 min after injection. First excitonic
peak becomes more pronounced for last sam-
ples indicating that nanoparticle size distri-
bution somewhat narrows during the reac-
tion [4]. This might be seen on photolumi-
nescence spectra too where full width at
half maximum (FWHM) parameter de-

Functional materials, 21, 2, 2014

I, a.u.

a)
2 1 — t=0.5 min
4 2 — t=6 min
3 — t=25 min
15 F 4 — t=60 min
5 — t=90 min
1+
05
0 1 1
400 500 600 J,nm
l,a.u b)

038

06

0.4

02

0 I
460 535

760 ) ,nm

610 685
Fig. 1. Normalized absorption spectra (a) and
photoluminescence spectra (b) of CQDs syn-
thesized in aqueous medium and stabilized with
TGA: (1) 0,5 min, (2) 6 min, (3) 25 min, (4)
60 min, (5) 90 min after injection.

creases from 200 nm for the first sample to
150 nm for the last one. At the same time
large Stokes shift (wavelength discrepancy
between first absorption transition and
emission band) points to luminescence oc-
curring through emissive recombination via
defect states on the nanoparticle surface.

Further experiment was held where CdSe
cores were coated with the shell of wider
bandgap material CdS. Photoluminescence
spectra of prepared samples are illustrated
in the Fig. 2.

Sample 0 contains initial CdSe cores syn-
thesized in water medium, obtained by the
method similar to that described above.
Sample 1 was prepared by following proce-
dure. Initial solution of CdSe CQDs cores
and Cd-TGA solution were mixed in the
flask. Quantity of cadmium in Cd-TGA so-
lution was 2.5 higher than in CdSe cores.
Then Na,S solution was added dropwise
during 25 min so that resulting molar ratio
was [Cd]/[S] = 1:1. Photoluminescence spec-
trum shifted towards short-wavelength re-
gion which may be attributed to forming of
alloyed phase. Sample 2 was obtained by
dropwise addition of Na,S solution during
2.5 min ([Cd]:[S] = 10:1). Photolumines-
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Fig. 2. Photoluminescence spectra of CdSe
cores synthesized in aqueous medium without
(0) and with CdS shell (I, 2).

cence intensity for this sample increased
twofold compared to uncoated nanoparti-
cles, indicating that CdS shell provides sur-
face defects passivation, hindering non- ra-
diative recombination and thus increasing
quantum yield.

The synthesis of colloidal CdSe quantum
dots in organic medium was carried out in
the second part of the work. Cadmium pre-
cursor solution was prepared by mixing
CdO, oleic acid and liquid paraffin followed
by heating to 150°C. Selenium precursor
was obtained through heating selenium pow-
der and liquid paraffin mixture to 220°C.
The introduction of cadmium containing so-
lution into selenium precursor solution was
carried out at the temperature of 240°C.
Samples were obtained at intervals of 1, 2
and 5 min. Fig. 8 shows absorption and
photoluminescence spectra of the synthe-
sized CQDs.

The spectra reveal two radiation regions:
a high intensity peak on the left side of the
characteristics and a broad plateau of a
lower intensity on the right. We consider
luminescence peak on the left that shifts
from 470 nm to 520 nm wavelength with
synthesis time to correspond to intraband
transition. It is caused by the CQDs growth
during the CQDs synthesis that leads to a
decrease of the band gap so that the emis-
sion shifts to a longwave region. The
FWHM of the peak was approximately
50 nm and decreased slightly in the course
of the reaction which reflects relatively
high monodispersity. The occurrence of pla-
teau in the longwave region of the graph
can be explained by existence of the QD
surface defects that act as trap levels
within band gap and provide the route for
concurrent radiative recombination. With
time oleic acid molecules passivate these
surface states more efficiently and as a re-
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Fig. 3. Normalized absorption (a) and pho-
toluminescence spectra (b) of CdSe quantum
synthesized in organic medium: (1) 1 min, (2)
2 min, (3) 5 min after injection.

sult the photoluminescence intensity caused
by defects decreases in comparison with in-
traband emission.

3. Conclusions

Cadmium selenide CQDs were prepared in
organic and aqueous solutions, their proper-
ties and characteristics were investigated by
means of optical spectroscopy. Photolumi-
nescence intensity for nanoparticles synthe-
sized in organic medium is much higher
than those prepared in water. It may be
explained by higher reaction temperatures
in the first case that facilitate formation of
nanocrystals with better crystallinity. More-
over samples that are obtained in organiecs
are characterized by more narrow size dis-
tribution.

Quality of crystal structure and state of
nanoparticle surface affect photolumines-
cence immensely. Coating of CdSe CQDs
with wide band gap CdS resulted in surface
defects passivation and increasing of emis-
sion intensity twofold.

Synthesized nanoparticles are planned to
be used as luminophores [5] for mi-
crodevices of optical tomography of biologi-
cal tissues. Work on white light-emitting
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devices with high CRI based on nitride
structures and CQDs is carried out as well
[6]. We actively develop tunable lasers in a
wide range of wavelengths. We design a
new type of solar cell with a selective ab-
sorption with using of different photodetec-
tors in their construction, including solar-
blind detectors [7].
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