Journal of Physics: Conference Series

PAPER « OPEN ACCESS You may also like

. . . . - Lead chalcogenide guantum dots for
Preparation of cadmium selenide colloidal oo douces
quantum dots in non-coordinating solvent et chmceraton o

t d electrochemical characterization of lead
OC a ecene selenide sub-micron particles capped with
a benzoate ligand and prepared at

different temperatures
To cite this article: D S Mazing et al 2015 J. Phys.: Conf. Ser. 661 012033 Weyshla A Rodriguez-Rodriguez, Jadiel
Col6n, Roger Guzman et al.

- Effect of Phosphine-Free Selenium
Precursor Reactivity on The Optical and

) ) ) Vibrational properties of Colloidal CdSe
View the article online for updates and enhancements. Nanocrystals

LAThi, NTT Lieu, N M Hoa et al.

Recent citations

- Fluorescence Imaaing of E. coli using
CdSe Quantum Dots
Drishya Mohan et al

- Development of porous TiO 2 nanofibers
by solvosonication process for high
performance quantum dot sensitized solar
cell
Nisha Singh et al

-D. S. Mazing et al

) The Electrochemical Society

Advancing solid state & electrochemical science & technology

242nd ECS Meeting

Oct 9 -13, 2022 - Atlanta, GA, US

Abstract submission deadline: April 8, 2022

Connect. Engage. Champion. Empower. Accelerate.

MOVE SCIENCE FORWARD

This content was downloaded from IP address 207.241.231.108 on 26/01/2022 at 07:00


https://doi.org/10.1088/1742-6596/661/1/012033
https://iopscience.iop.org/article/10.1070/RCR4917
https://iopscience.iop.org/article/10.1070/RCR4917
https://iopscience.iop.org/article/10.1088/2053-1591/1/3/035906
https://iopscience.iop.org/article/10.1088/2053-1591/1/3/035906
https://iopscience.iop.org/article/10.1088/2053-1591/1/3/035906
https://iopscience.iop.org/article/10.1088/2053-1591/1/3/035906
https://iopscience.iop.org/article/10.1088/2053-1591/1/3/035906
https://iopscience.iop.org/article/10.1088/1757-899X/343/1/012027
https://iopscience.iop.org/article/10.1088/1757-899X/343/1/012027
https://iopscience.iop.org/article/10.1088/1757-899X/343/1/012027
https://iopscience.iop.org/article/10.1088/1757-899X/343/1/012027
https://doi.org/10.1088/1757-899X/577/1/012107
https://doi.org/10.1088/1757-899X/577/1/012107
https://doi.org/10.1016/j.solmat.2018.01.042
https://doi.org/10.1016/j.solmat.2018.01.042
https://doi.org/10.1016/j.solmat.2018.01.042
https://doi.org/10.1016/j.solmat.2018.01.042
https://doi.org/10.1109/EIConRusNW.2016.7448121
https://doi.org/10.1109/EIConRusNW.2016.7448121
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvSs6FWIcLnGZ251FNUWzsxdCa3xoBRB36TbiK1HyODYTDTBp1E_VuDnrT5DJor6PL6mU0dugAPa6rq3SlC7vzrSqWcgc_vObzRAQ_GcbHiZMN_NvCusRgNu0DU4HEfJMKX8y-iFcuxWcLAH85WDWkoshfmo-mtAd4q4A4uADUZQl8DYzEEZrrnri1mm7e4SiZSBaOgi3P_jEcw-BLqwZao5oLcDWyO0ELoOSXpwiKJdlsUwRbCd6jLILmEGouT9DQbphNDbkuLp2Bqf_Rgbo0z5zurOcYDnoM&sig=Cg0ArKJSzOk2ZeDuxUX6&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/242/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3DBanner%26utm_campaign%3D242Abstract%26utm_id%3D242Abstract

17th Russian Youth Conference on Physics and Astronomy (PhysicA.SPb/2014) IOP Publishing
Journal of Physics: Conference Series 661 (2015) 012033 doi:10.1088/1742-6596/661/1/012033

Preparation of cadmium selenide colloidal quantum dots in
non-coordinating solvent octadecene

D S Mazing, A M Brovko, L B Matyushkin, O A Aleksandrova, V A Moshnikov

Saint Petersburg Electrotechnical University "LETI", ul. Prof. Popova, 5, 197376
Russia

E-mail: dmazing@yandex.ru, leva.matyushkin@gmail.com

Abstract. Nearly monodisperse cadmium selenide quantum dots (QDs) were synthesized in
non-coordinating solvent octadecene through phosphine-free method using oleic acid as
surfactant. Selenium powder suspension in octadecene obtained by ultrasound processing was
used as one of precursor solutions. Influence of multiple selenium precursor injections on
nanocrystal growth process was investigated. Nanoparticles were characterized by means of
absorption and photoluminescence spectroscopies.

1. Introduction

Extensive development of colloidal semiconductor QDs field is caused by their important features
(tunable absorption and emission spectra, high luminescence quantum yield, processibility) which give
way to wide range of prospective applications in light emitting devices, photovoltaic cells,
photodetectors. Facility of nanocrysral surface processing and higher stability against
photodegradation in comparison with conventional organic fluorophores stimulates application of
colloidal QDs in biological and medical detection [1, 2]. Cadmium selenide (CdSe) is semiconductor
with band gap of 1.7 eV which is widely used as a QDs material for visible spectrum.

Classical hot-injection method introduced in the beginning of 1990s [3] allowed preparation of
nearly monodisperse colloidal nanocrystals of AIIBVI semiconductors. Using rapid injection of
precursors at elevated temperatures it enabled separation of nucleation and growth stages making
synthesis procedure more controllable. One of its major drawbacks however was high toxicity and
pyrophoricity of the components being used (namely, dimethyl cadmium as cadmium precursor,
mixture of trioctylphosphine and trioctylphosphine oxide as coordinating solvent) which necessitates
employing of air free techniques. In this respect one of the options of medium for colloidal QDs
production is water [4, 5]. However as a rule these methods yield nanoparticles of poorer quality and
size distribution.

Later less hazardous compounds were proposed as immediate sources of cadmium and selenium
species such as cadmium — fatty acid complexes and elemental selenium, fatty acids and long-chained
alkylamines might be used as stabilizing agents [6, 7]. Due to low toxicity and cost non-coordinating
solvent octadecene proves to be a good alternative to coordinating phosphine-based solvents. Its
boiling point is high enough (317 °C) and its melting point is below room temperature making it
convenient to use. Moreover being non-coordinating compound octadecene doesn’t participate in
nanoparticle stabilization making synthesis procedure more controllable.

2. Materials and methods
Cadmium oxide (CdO), elemental selenium (powder), Octadecene 90% technical grade (ODE), oleic
acid (OA), acetone were used without additional purification.

Absorption spectra were acquired on a PE-5400UV UV-vis spectrophotometer (LLC “Ekohim”).
Photoluminescence measurements were carried out on equipment based on fast scanning spectrometer
Ocean Optics USB-4000 using laser excitation on A = 445 nm.

Mean size of nanoparticles was determined using polynomial equation from the work [8]:
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a= (1.6122 -10‘9)44 —(2.6575-10‘6)13 +(1.6242-10-3)/12 —0.42772 + 41,57, 1)

where a is average size of particles, A is a wavelength of the first excitonic peak. Derived from
experimental data acquired by means of TEM studies this equation supposedly is more reliable than
effective mass approximation model for smaller nanoparticles.

3. Experiment and results

For the first CdSe QDs synthesis two precursor solutions were prepared. Firstly 1 mmol of CdO, 20
mmol of OA and 40 ml of ODE were loaded into 100 ml three neck flask and heated to 160 °C under
nitrogen flow to obtain clear yellowish solution of cadmium oleate in ODE. For preparation of
selenium precursor solution 0.5 mmol of selenium powder, 10 mmol of OA and 3.4 ml of ODE were
treated in ultrasound bath at room temperature to form homogeneous suspension. Cadmium precursor
solution was heated further up to 240 °C and selenium suspension was rapidly injected which resulted
in immediate nucleation. To monitor nanoparticle growth aliquots were taken in 10 seconds, 40
seconds, 2, 16 and 120 minutes after injection. Nanocrystals were further precipitated from crude
solution by addition of certain amount of acetone with subsequent centrifugation and were redissolved
in hexane. Due to hydrophobic surface thus prepared nanocrystals are soluble in other common non-
polar solvents of choice such as toluene and chloroform. Figures 1 and 2 show absorption and
photoluminescence spectra.

2 1~
——10sec
——40 sec
515 - 0.8 - ——2min
< = 16 min
< © 06 —120 min
S 1 - =
a B
S 304
8 =
<05 -
0,2
0 k k ! ’ 0 T T T 1
300 400 500 600 700 450 550 650 750 850
A, nm A, nm
Figure 1. Absorption spectra of CdSe QDs. Figure 2. Photoluminescence spectra of CdSe

QDs.

As can be seen from absorption spectra nanocrystal growth almost stopped in 16 minutes after
injection of selenium precursor solution. Photoluminescence spectra feature two distinctive bands. The
left one corresponds to interband radiative recombination and its form reflects nanocrystal size
distribution. Presence of wider band on longer wavelengths may be explained by insufficient
passivation of nanoparticle surface by stabilizer molecules that causes radiative recombination via trap
states inside band gap. Interband photoluminescence peak full width on half maximum parameter
(FWHM) decreased at the first stage of the reaction from 38 nm (10 sec) to 31 nm (40 sec and 2 min).
Samples obtained in 16 minutes and 120 minutes are characterized by larger FWHM of 39 nm and 53
nm. An explanation to this might be given as follows: depletion of free monomers in reaction volume
shifts thermodynamic equilibrium towards growth of larger nanocrystals at the expense of smaller
ones which leads to nanoparticles size distribution broadening. This effect is known as Ostwald
ripening.
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The same synthesis was repeated with smaller amount of stabilizer being used. 1 mmol of CdO, 5
mmol of OA and 40 ml of ODE were used for cadmium precursor solution preparation. Selenium
suspension consisted of 0.5 mmol of Se and 1 mmol of OA in 5 ml of ODE.

The first excitonic peak of the sample obtained in 2 minutes (figure 3) after injection is positioned
at 490 nm which indicates that in comparison with previous implementation smaller nanoparticles
were formed at initial stage of the reaction. As in the previous case growth rate was rather slow but
nanoparticle size distribution stayed narrow throughout whole experiment. For 60 minutes of reaction
photoluminescence FWHM (figure 4) increased from 25 nm to 28 nm only. It’s also should be noted
that nanocrystals which were formed right after nucleation likely had surface of low quality.
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Figure 3. Absorption spectra of CdSe QDs. Figure 4. Photoluminescence spectra of CdSe
QDs.

The next experiment was based on the first one with only one difference that selenium precursor
solution was divided into two equal batches. One half of the solution (0.25 mmol of selenium) was
injected as described earlier and the second half was used in the course of the reaction so that initial
molar ratio between cadmium and selenium species upon nucleation was [Cd]:[Se] = 4:1. Absorption
and photoluminescence spectra are shown in figures 5 and 6.
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Figure 5. Absorption spectra of CdSe QDs Figure 6. Photoluminescence spectra of CdSe
prepared with use of Se precursor multiple QDs prepared with use of Se precursor multiple

injections. injections.
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As can be well seen on absorption spectra (figure 5) similar to the previous case growth slows
down considerably in 10 minutes after initial selenium injection. Additional injections were performed
on 12" and 22™ minutes using two approximately equal parts of the second half of the suspension. It is
noticeable that precursor addition resulted in growth resumption as wavelength distance between first
excitonic peaks of the third (10 minutes) and forth (14 minutes) samples is about 25 nm.
Photoluminescence FWHM (figure 6) gradually decreased from the start of the reaction from 31 to 41
nm for the first three samples. Second injection of selenium suspension resulted in focusing of
nanoparticle size distribution so that FWMH after 14 minutes of growth was about 34 nm and it didn’t
change considerably till the last aliquot was taken on 37" minute. The average size of nanocrystals as
calculated from equation (1) ranges from 2.1 to 2.8 nm.

4. Conclusion

As a result colloidal QDs of CdSe were synthesized via phosphine-free hot-injection method using
suspension of selenium in ODE as one of precursor solutions. Implementation with relatively high
concentration of stabilizing agent is characterized by fast slowing down of growth with subsequent
nanoparticle size distribution broadening via Ostwald ripening. Multiple injection of selenium
precursor promoted further growth of nanoparticles without substantial deterioration of
monodispersity of the system. Synthesis with lower amount of stabilizing oleic acid yielded
nanoparticles with better monodispersity and as consequence lower photoluminescence FWHM
corresponding to interband transition (less than 30 nm). The average size of prepared CdSe QDs lies
between 2 and 3 nm.
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