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Quantum dots (QDs) are a hot topic in optoelectronic device research, due to tailorable absorption and emission properties.
Unfortunately, the conventional methods of QD synthesis are hazardous and time-consuming. In this work, we present an
alternative method of fabricating cadmium selenide (CdSe) QDs (via rapid microwave synthesis). This novel fabrication method
provides a quick and efficient way to synthesize QDs that are almost identical to those commercially available. We also
demonstrate the tuning of QD sizes by varying time and temperature during the growth process. Optical spectroscopy was used
to measure the emission profile of QDs of various sizes. With ease repeatability, tunability, and scalability, this QD synthesis
method can be integrated into a wide range of applications and optoelectronic devices.

1. Introduction

Under the nanotechnology umbrella, there are many mate-
rials that differ in behavior due to size and composition [1].
Typically known as nanoparticles, these materials have a
variety of properties and have been integrated in many areas
of current technology. In medicine, protein-filled nanoparti-
cles have been used for drug delivery [2]. In manufacturing,
nanoparticles are in sunscreens that protect from UV rays
or clothing to prevent color fading [3]. Nanoparticles are
even being utilized in environmental cleaning efforts,
reducing contamination and pollution in water and air [4].
QDs (a special subset of crystalline nanoparticles ranging
between 2 and 20nm in size) can be used in all the afore-
mentioned applications; however, conventional fabrication
methods produce toxic byproducts and involved process-
ing steps that are potentially harmful.

Here, we present a synthesis method that cuts fabrication
time into a fraction and eliminates the need for 3-neck wet
chemical synthesis under a fume hood. CdSe is an inorganic
crystalline material whose QD properties are well understood

[5–20]. CdSe is popular due to its tailorable emission
throughout the visible spectrum. In this study, we fabricated
CdSe QDs using a one-step microwave and compared their
optical properties to those commercially available. QD emis-
sion usually blue shift as the nanocrystallite size is reduced
[21]. We used optical spectroscopy to quantify the change
in the optical properties of the QDs as it relates to dot size.
In this work, we first demonstrate the successful fabrication
of QDs via rapid microwave synthesis. Then, we show the
ability to tune the size of the QDs as mentioned through
parameterization of microwave synthesis conditions. Our
results show that we are able to obtain similar results to
QDs synthesized via the traditional “hot injection method”
but without the inherent health risks and byproducts.

2. Experimental Methods

Acetone was purchased from VWR Analytical. Cadmium
oxide powder (99.5wt. %) was purchased from Sigma-
Aldrich. Oleic acid (tech, 90%), 1-octadecene (tech, 90%),
selenium powder (-325 mesh, wt. 99.5%), and toluene
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(ACS, 99.5%) were purchased from Alfa Aesar. Tri-n-
octylphosphine (97% TOP) was purchased from Strem
Chemicals. All materials were used as received. A recipe for
one-pot microwave synthesis was adopted and modified
from a conventional “hot-injection” synthesis method that
utilizes a three-neck round bottom flask and heating mantle
under an inert gas atmosphere [22]. Time and temperature
play critical roles in nanocrystal size and emission [23]. Injec-
tions of TOP-Se at high nucleation temperatures describe the
conventional “hot-injection” method commonly used in this
area of research [24]. These methods are very time consum-
ing, as heating mantles can take time to stabilize. These
methods may also be harmful as CdO and Se powders are
extremely toxic. The stoichiometric ratios of each material
in this study were adopted from reference [24]. Stock solu-
tions were prepared ahead of synthesis to reduce preparation
time. All material preparation was done in a glove box. All
heating was done on a hotplate outside of the glove box. Both
precursors were left to cool in ambient temperatures in the
glove box. Detailed preparation protocol is listed in the
Supporting Information S1 Section a.

Synthesis was performed in an Anton Paar Monowave
300, a single mode microwave reactor with a small self-
tuning cavity. For CdSe synthesis, power and stirring RPM
for all samples was kept constant at 300W and 600 RPM,
respectively. Hold time and temperature was varied to
produce CdSe QDs with different sizes and respective photo-
luminescence (PL) wavelengths. Time and temperature vari-
ations and their corresponding PL wavelengths are presented
elsewhere. Following synthesis, the resulting QD solutions
were cleaned and diluted for characterization. Detailed
synthesis steps are listed in the Supporting Information S1
Section b.

Resulting QD colloidal solutions were transferred into
the glove box and divided evenly into centrifuge tubes. Since
CdSe is nonpolar, CdSe was “washed” in acetone by centrifu-
gation [25]. Samples were taken out of the glove box and
placed into a Beckman Coulter Allegra 25R Centrifuge. A
VWR Analog Vortex Mixer was used to agitate CdSe for 10
seconds each. This washing process was repeated until the
acetone was visibly transparent. Toluene was used a resus-
pension solvent for CdSe QDs, since toluene and CdSe are
both nonpolar [26]. The CdSe QDs disperse into the toluene
solvent creating a colloidal suspension. The concentration of
the final solution is a function of the amount of toluene in the
suspension; more toluene will produce a more diluted final

solution. Final solutions were transferred back into the glove
box. Each 2.5mL colloidal solution (from the same time/-
temperature synthesis set) was combined and stored in a
small amber vial for characterization. Detailed cleaning steps
are listed in the Supporting Information S1 Section c.

A Jobin Yvon Horiba FluoroMax 3 Spectrometer was
used to characterize the photoluminescence (PL) of CdSe col-
loidal quantum dots. An excitation wavelength of 400nm
was kept constant for all samples. Samples were measured
in the visible range, from 400 to 700 nm at 1 nm increments.
A PerkinElmer Lambda 1050 spectrophotometer was used to
measure UV-VIS absorption data. Toluene was used as a ref-
erence for UV-VIS characterization since it is the suspension
solvent. UV-VIS data was also collected in the visible region,
from 400 to 700nm at 1 nm increments. Photos of CdSe
quantum dots were taken under both ambient and 365nm
UV light, respectively. Data and photos are presented in
Results and Discussions.

3. Results and Discussions

Cadmium selenide (CdSe) colloidal QDs were successfully
synthesized by rapid microwave synthesis and characterized
using UV/Vis and PL spectroscopy. Figure 1 shows CdSe
QDs with PL wavelengths of 509nm, 523nm, 554 nm,
581 nm, and 605nm. Diameters of QDs for each emission
are 4.6 nm, 4.8 nm, 5.4 nm, 6.2 nm, and 6.8 nm, respectively.
The top image shows QD solutions in ambient light. The
bottom image shows CdSe QDs under a 365nm UV light.
Table 1 shows the time and temperature combinations that
were loaded into the Monowave 300 to synthesize CdSe
QDs shown in Figure 1. Commercially available CdSe QDs
have a stable range between 500 and 650nm. The Monowave
300 has a temperature limit of 300°C. An infrared ruby ther-
mometer can simultaneously monitor the temperature inside

(a) (b)

Figure 1: (a) CdSe quantum dots synthesized by the rapid microwave synthesis (from left to right) 509 nm, 523 nm, 554 nm, 581 nm, and
605 nm PL emission. (b) CdSe quantum dots of the same PL emission wavelengths under 365 nm UV light.

Table 1: Temperature and time combinations for microwave
recipes and their respective PL wavelengths.

Temperature (°C) Hold time (min) PL wavelength (nm)

150°C 3:30 509 nm

175°C 1:30 523 nm

225°C 0:30 554 nm

225°C 5:00 581 nm

280°C 4:00 605 nm
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and outside of the reaction vial. As mentioned earlier, the
exterior temperature of the vial was roughly 10-20°C higher
than a ruby thermometer. A safety mechanism in the
Monowave instrument will shut the system down if the max-
imum temperature limit is reached. Therefore, attempting
any synthesis above a temperature of 285°C is at risk of
interruption midsynthesis.

In our studies, CdSe QDs within commercially available
properties were realized [27] (FWHM and emission wave-
length). Figure 2 shows that CdSe QDs exhibit fluorescence
properties in the visible range (~390-700nm). Under
365nm UV light, there is a clear shift from blue-cyan to
orange-red as the PL shifts to each color’s respective
wavelength. CdSe QDs are highly reproducible using
times and temperatures in Table 1. Figure 2 shows the PL
and UV-VIS absorption data for CdSe colloids that were syn-
thesized by rapid one-pot microwave synthesis. The PL data
shown (top) is normalized to visually display the FWHM and
peak emission wavelength. CdSe QDs synthesized in this
study had emission in the range of 509-605 nm. The emission
shifts towards the IR region while the band gap decreases, all
properties tied to quantum confinement [28]. Time and
temperature during synthesis are directly related to these
properties, as the nucleation temperature dictates the initial
nanocrystal formation [29]. Mao et al. describes a nanocrys-
tal nucleation temperature around 225°C [30]. To obtain
smaller quantum dots near the blue emission region, near
the edge of the stability range of CdSe, the aliquot extractions
must occur within 5 seconds following hot injection. This is
due to rapid increases of nanocrystal size at high nucleation

temperatures. A lower temperature would increase the time
for smaller size nanocrystals to be extracted. For this study,
safe synthesis methods that utilized recipes with tempera-
tures of 225°C did not yield a PL wavelength lower than
approximately 550 nm (~ 5.4 nm diameter), even for synthe-
sis times between 0 and 30 seconds. It is known that the
wavelength range for the color green in the visible spectrum
is roughly between 520 and 565nm [31]. Therefore, the
225°C microwave synthesis temperature was incapable of
producing smaller QDs closer to the blue region.

A number of syntheses were performed using various
time and temperature (below 225°C) combinations to obtain
QDs with a PL wavelength closer to the blue-cyan region.
The blue region has a wavelength range of roughly
435-500 nm, as shown in Table 2. 500-520nm is the cyan
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Figure 2: (a) Normalized photoluminescence (PL) data for CdSe colloidal quantum dots by rapid microwave synthesis. (b) UV-VIS
absorption data for CdSe quantum dots by rapid microwave synthesis.

Table 2: Visible range chart for color and respective PL wavelength
range [31].

Color Wavelength range (nm)

Red 625-740 nm

Orange 590-625 nm

Yellow 565-590 nm

Green 520-565 nm

Cyan 500-520 nm

Blue 435-500 nm

Violet 380-435 nm
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region, a color that falls between blue and green and can be
produced when the two are mixed together [32]. Synthesis
temperatures lower than 225°C were used, and highly repro-
ducible QDs in the blue-cyan region were realized. This is a
safe alternative to the quick and highly toxic process of
obtaining aliquots of smaller CdSe QDs by conventional syn-
thesis methods. UV-VIS data in Figure 2(b) shows changes in
optical absorption for CdSe QDs by rapid microwave synthe-
sis. Larger absorption wavelengths equate to smaller band
gaps and the lower energies. The UV-VIS data displays an
increase in absorption wavelength as nucleation temperature
and time increases, which is responsible for lower energy
absorption and a smaller band gap.

Figure 3 shows raw PL data for CdSe at various time and
temperature combinations. The plot also shows the fluores-
cence intensity of CdSe QDs decreases as nanocrystal size
and PL wavelength increase. CdSe QDs around the blue

and cyan regions with wavelengths of 509 (~4.6 nm) and
523 nm (~4.8 nm) display higher PL intensities. This suggests
that smaller QDs are well within the strong confinement
region. Larger QDs from this study (~5.4-6.8 nm) in the
green-red regions display much lower intensities. The CdSe
Bohr radius has been reported between 5 and 6nm [32–34].
This suggests that although these QDs are technically still
within the strong confinement region, they lose some fluores-
cence efficiency as QD diameter increases and grows towards
bulk properties.

Table 3 shows the size approximation calculations for
CdSe QDs. Diameter approximations were calculated using
PL data and the Brus equation,

R2 = h2
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Figure 3: Photoluminescence (PL) data for undoped CdSe colloidal quantum dots by microwave synthesis.

Table 3: Temperature and time combinations, the respective PL wavelengths they produce, and the corresponding calculated size based on
Brus equation for undoped CdSe [35].

Temperature (°C) Hold time (min) PL wavelength (nm) Calculated radius (nm) Calculated diameter (nm)

150°C 3:30 509 nm 2.3 nm 4.6 nm

175°C 1:30 523 nm 2.4 nm 4.8 nm

225°C 0:30 554 nm 2.7 nm 5.4 nm

225°C 5:00 581 nm 3.1 nm 6.2 nm

280°C 4:00 605 nm 3.4 nm 6.8 nm
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where Ex = E − Eg ðCdSeÞ, Eg ðCdSeÞ = 1:74 eV, me
∗ ðCdSeÞ

= 0:13mo (mo is the mass of free electron), mh
∗ ðCdSeÞ =

0:45mo, and h is Planck’s constant [35, 36]. E = hc/λ and is
solved by using peak PL wavelengths for λ. These diameter
size approximations explain bright fluorescence in the strong
confinement region.

QDs may have large variance in size distribution [36]. A
narrow size distribution is desired; yielding monodisperse
QDs all close to the same size. At high cluster concentrations,
critical size remains small and monodisperse size distribution
can be achieved [37]. Over time, Ostwald ripening effects
cause a decrease in cluster concentration and causes size
distribution to widen [35–40].

Supporting information from a literature reference was
used to calculate estimations for optical band gap of CdSe
[41]. Tauc’s equation based on UV-VIS absorption was
compared to experimental cyclic voltammetry data for three
quantum dot diameters [42–47]. A plot showing the trend of
HOMO-LUMO levels based on diameter of CdSe in the liter-
ature reference is shown in Figure 4. Trend line equations for
HOMO and LUMO levels of CdSe vs. diameter were gener-
ated from information gathered in the literature. Theoretical
and experimental data from reference [41] were used to
generate a line of best fit for HOMO and LUMO level
approximations. As shown in Figure 5, the regression is
not perfectly linear with respect to diameter. Therefore, a
logarithmic fit was suitable to describe the regression of
energy levels and produced the highest R2 (how close the

data is fitted) value when compared to linear and polynomial
fits [48, 49].

A best fit of error between experimental and theoretical
data was developed (shown in Figure 5(a) [41]). The data
shows as dot diameter increase, the error between theoretical
experimental data increases. Figure 6(b) shows the decrease
in optical band gap as dot diameter increases. Error bars
at each diameter display the standard deviation between
theoretical and experimental data. The standard deviation
increases with diameter size as expected.

The same logarithmic best-fit equation was used to
estimate the HOMO-LUMO levels of CdSe QDs synthe-
sized in this work, as shown in Figure 6(a). Plots show
that as diameter increases, the LUMO level decreases and
the HOMO level increases, effectively “shrinking” the band
gap. This verifies the band gap calculation discussed earlier
[19, 31]. Figure 6(b) shows the decrease in band gap for
CdSe QDs, and the increase in standard deviation, which
is consistent with literature [41]. High resolution transmis-
sion electron microscopy (HR-TEM) and cyclic voltamme-
try (CV) may be performed visual confirmation of size
and distribution.

4. Conclusion

In conclusion, we were able to successfully synthesize CdSe
QDs quickly using a one-pot microwave synthesis method.
The purpose of synthesizing CdSe QDs in-house as opposed
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to purchasing them commercially was the ease of band gap
tunability, since dot size is related to band gap due to quan-
tum confinement as discussed. Along with quick synthesis,
we were also able to tune their optical properties by varying
microwave irradiation times and temperatures. We were able
to synthesize CdSe dot diameters ranging from 4.5 to 6.5 nm,
with corresponding emission peaks from 509 to 600nm,

respectively. Rapid microwave synthesis is an economical
alternative with high throughput; QDs can be synthesized
on a need-by-need basis. The QD synthesized had the same
emission profiles in terms of FWHM, bandgap, and peak
wavelength as compared to those commercially available.
The only drawback of this method is the temperature limita-
tion of the microwave system, which limits the size range of
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QDs. Other microwave systems may have a wider range of
temperature control. Implementation in optoelectronic
devices such as solar cell and light-emitting diodes will be
the basis of future studies.

Data Availability

The UV/Visible spectroscopy and photoluminescence data
used to support the findings of this study are included within
the article.

Conflicts of Interest

The authors declare no competing financial interest.

Acknowledgments

This work is supported by the National Science Foundation
CREST-CNBMD HRD-1036494, CREST-CREAM HRD-
1547771, and HRD-1827214.

Supplementary Materials

The Supplementary Information attached to this research
article includes detailed preparation, synthesis, and cleaning
procedures for the formation of the quantum dots studied
throughout this article. It also includes the specific heating
mechanism of how the microwave synthesis provides specific
advantages over the conventional hot injection method.
(Supplementary Materials)

References

[1] S. C. Glotzer, “Shape matters,” Nature, vol. 481, no. 7382,
pp. 450–452, 2012.

[2] A. Z. Wilczewska, K. Niemirowicz, K. H. Markiewicz, and
H. Car, “Nanoparticles as drug delivery systems,” Pharmaco-
logical Reports, vol. 64, no. 5, pp. 1020–1037, 2012.

[3] D. R. Hayden, A. Imhof, and K. P. Velikov, “Biobased nano-
particles for broadband UV protection with photostabilized
UV filters,” American Chemical Society, vol. 8, no. 48,
pp. 32655–32660, 2016.

[4] S. S. Patil, U. U. Shedbalkar, A. Truskewycz, B. A. Chopade,
and A. S. Ball, “Nanoparticles for environmental clean-up: a
review of potential risks and emerging solutions,” Environ-
mental Technology & Innovation, vol. 5, pp. 10–21, 2016.

[5] A. I. Ekimov and A. A. Onushchenko, “Quantum size effect in
three-dimensional microscopic semiconductor crystals,”
American Institute of Physics, vol. 34, no. 6, 1982.

[6] M. A. Reed, “Spatial quantization in GaAs–AlGaAs multiple
quantum dots,” Journal of Vacuum Science & Technology,
vol. 4, no. 1, 1986.

[7] M. V. Kovalenko, “Opportunities and challenges for quantum
dot photovoltaics,” Nature, vol. 10, no. 12, pp. 994–997, 2015.

[8] S. I. Pokutnii, “Exciton binding energy in semiconductor
quantum dots,” Semiconductors, vol. 44, no. 4, pp. 488–493,
2010.

[9] T. Uozumi and Y. Kayanuma, “Excited states of an electron-
hole pair in spherical quantum dots and their optical proper-
ties,” Physical Review B, vol. 65, no. 16, 2002.

[10] M. Kuno, Introductory Nanoscience, Garland Science, 2012.

4 5
Quantum dot diameter (nm)

6 7
–6.0

–5.5

–5.0

–4.5

–4.0

–3.5

–3.0

Ba
nd

 g
ap

 e
ne

rg
y 

(e
V

)

HOMO

LUMO

y = 0.4368 In(x) - 6.0961

y = –0.723 In(x) - 2.6004

CdSe band gap
Undoped

4.6

4.8

5.4

6.2

6.8

–3.70

–3.74

–3.82

–3.92
–3.99

–5.43

–5.41

–5.36

–5.30

–5.26

1.72

1.68

1.54

1.38

1.27

D

(nm)
Eg

(ev)
LUMO

(eV)
HOMO

(eV)

(a)

4.5

0.0

0.5

1.0
4.6

4.8

5.4

6.2

6.8

1.72

1.68

1.54

1.38

1.27

0.27

0.29

0.34

0.40

0.44

1.5

2.0

2.5

5.0 5.5 6.0
Quantum dot diameter (nm)

6.5 7.0
Ba

nd
 g

ap
 e

ne
rg

y 
(e

V
)

y = –1.159 In(x) + 3.4948

CdSe band gap
Undoped

D

(nm)
Egopt

(ev)
Error
(eV)

(b)

Figure 6: HOMO-LUMO level trend of undoped CdSe in this study (a) and band gap vs. diameter with standard deviation (b).

7Journal of Nanomaterials

http://downloads.hindawi.com/journals/jnm/2020/5056875.f1.docx


[11] D. J. Griffiths, Introduction to Quantum Mechanics, Prentice
Hall, 1995.

[12] A. P. Alivisatos, “Perspectives on the physical chemistry of
semiconductor nanocrystals,” Journal of Physical Chemistry,
vol. 100, no. 31, pp. 13226–13239, 1996.

[13] R. Rossetti and L. Brus, “Electron-hole recombination
emission as a probe of surface chemistry in aqueous cadmium
sulfide colloids,” Journal of Physical Chemistry, vol. 86, no. 23,
pp. 4470–4472, 1982.

[14] S. V. Gaponenko, Introduction to Nanophotonics, Cambridge
University Press, 2010.

[15] V. I. Klimov, “Spectral and dynamical properties of multiexci-
tons in semiconductor nanocrystals,” Annual Review of
Physical Chemistry, vol. 58, no. 1, pp. 635–673, 2007.

[16] A. L. Efros and M. Rosen, “The electronic structure of semi-
conductor nanocrystals,” Annual Review of Materials Science,
vol. 30, no. 1, pp. 475–521, 2000.

[17] B. E. A. Saleh and M. C. Teich, Fundamentals of Photonics,
John Wiley & Sons, 2nd edition, 1991.

[18] S. A. Edwards, The Nanotech Pioneers: Where Are They Taking
Us?, Wiley, 2006.

[19] S. V. Gaponenko, Optical Properties of Semiconductor Nano-
crystals, Cambridge University Press, 1998.

[20] G. L. Hornyak, H. F. Tibbals, J. Dutta, and J. J. Moore, Intro-
duction to Nanoscience and Nanotechnology, CRC Press, 1st
edition, 2008.

[21] M. Shur, Quantum Dots, World Scientific Publishing, 2002.

[22] K. J. Nordell, E. M. Boatman, and G. C. Lisensky, “A safer,
easier, faster synthesis for CdSe quantum dot nanocrystals,”
Journal of Chemical Education, vol. 82, no. 11, p. 1697, 2005.

[23] W. Mi, J. Tian, W. Tian, J. Dai, X. Wang, and X. Liu, “Temper-
ature dependent synthesis and optical properties of CdSe
quantum dots,” Ceramics International, vol. 38, no. 7,
pp. 5575–5583, 2012.

[24] J. V. Williams, N. A. Kotov, and P. E. Savage, “A rapid hot-
injection method for the improved hydrothermal synthesis of
CdSe nanoparticles,” American Chemical Society, vol. 48,
no. 9, pp. 4316–4321, 2009.

[25] I. Csik, S. P. Russo, and P. Mulvaney, “Density functional
study of non-polar surfaces of wurtzite CdSe,” Chemical
Physics Letters, vol. 414, no. 4-6, pp. 322–325, 2005.

[26] R. K. Ratnesh and M. S. Mehata, “Controlled synthesis and
optical properties of tunable CdSe quantum dots and effect
of pH,” AIP Advances, vol. 5, no. 9, 2015.

[27] S. Koch, Semiconductor QuantumDots, World Scientific, 1993.

[28] V. G. Dubrovskii, Nucleation Theory and Growth of
Nanostructures, Springer, 2014.

[29] R. Vadivambal and D. S. Jayas, Bio-Imaging: Principles,
Techniques, and Applications, CRC Press, 2015.

[30] H. Mao, J. Chen, J. Wang, Z. Li, N. Dai, and Z. Zhua, “Photo-
luminescence investigation of CdSe quantum dots and the
surface state effect,” Physica E: Low-dimensional Systems and
Nanostructures, vol. 27, no. 1-2, pp. 124–128, 2005.

[31] P. Kwizera, A. Angela, M. Wekesa, M. Jamal, and M. Mobin,
“Synthesis and characterization of CdSe quantum dots by
UV-Vis spectroscopy,” in Macro to Nano Spectroscopy,
InTech, 2012.

[32] T. Kippeny, L. A. Swafford, and S. J. Rosenthal, “Semiconduc-
tor nanocrystals: a powerful visual aid for introducing the

particle in a box,” Journal of Chemical Education, vol. 79,
no. 9, p. 1094, 2002.

[33] J. Park, K. H. Lee, J. F. Galloway, and P. C. Searson, “Synthesis
of cadmium selenide quantum dots from a non-coordinating
solvent: growth kinetics and particle size distribution,” Journal
of Physical Chemistry, vol. 112, no. 46, pp. 17849–17854, 2008.

[34] D. L. Andrews, Nanophotonic Structures and Materials, Wiley,
2015.

[35] W. Ostwald, “Studies on the formation and transformation of
solid bodies,” Journal of Physical Chemistry, vol. 22, no. 1,
1897.

[36] L. Jacak, A. Wójs, and P. Hawrylak, Quantum Dots, Springer,
1998.

[37] A. Rogach, Semiconductor Nanocrystal Quantum Dots Syn-
thesis, Assembly, Spectroscopy and Applications, Springer,
2008.

[38] H. Unlu and N. J. M. Horing, Low Dimensional Semiconductor
Structures: Characterization, Modeling and Application,
Springer, 2012.

[39] G. Schmid, Nanoparticles: From Theory to Application, Wiley,
2011.

[40] J. Li, C. Guo, Y. Ma, Z. Wang, and J. Wang, “Effect of initial
particle size distribution on the dynamics of transient Ostwald
ripening: a phase field study,” Acta Materialia, vol. 90, pp. 10–
26, 2015.

[41] J. N. de Freitas, I. R. Grova, L. C. Akcelrud, E. Arici, N. S.
Sariciftci, and A. F. Nogueira, “The effects of CdSe incorpo-
ration into bulk heterojunction solar cells,” Journal of Mate-
rials Chemistry, vol. 20, no. 23, pp. 4845–4853, 2010.

[42] D. L. Wood and J. Tauc, “Weak absorption tails in amorphous
semiconductors,” Physical Review B, vol. 5, no. 8, pp. 3144–
3151, 1972.

[43] E. Kucur, J. Riegler, G. A. Urban, and T. Nann, “Determination
of quantum confinement in CdSe nanocrystals by cyclic volt-
ammetry,” Journal of Chemical Physics, vol. 119, no. 4,
pp. 2333–2337, 2003.

[44] S. K. Haram, B. M. Quinn, and A. J. Bard, “Electrochemistry of
CdS nanoparticles: a correlation between optical and electro-
chemical band gaps,” American Chemical Society, vol. 123,
no. 36, pp. 8860-8861, 2001.

[45] Y. Bae, N. Myung, and A. J. Bard, “Electrochemistry and elec-
trogenerated chemiluminescence of CdTe nanoparticles,”
Nano Letters, vol. 4, no. 6, pp. 1153–1161, 2004.

[46] S. K. Poznyak, N. P. Osipovich, A. Shavel et al., “Size-
dependent electrochemical behavior of thiol-capped CdTe
nanocrystals in aqueous solution,” Journal of Physical
Chemistry B, vol. 109, no. 3, pp. 1094–1100, 2005.

[47] C. Querner, P. Reiss, S. Sadki, M. Zagorska, and A. Pron,
“Size and ligand effects on the electrochemical and spectro-
electrochemical responses of CdSe nanocrystals,” Physical
Chemistry Chemical Physics, vol. 7, no. 17, pp. 3204–3209,
2005.

[48] A. M. Brown, “A step-by-step guide to non-linear regression
analysis of experimental data using a Microsoft Excel spread-
sheet,” Computer Methods and Programs in Biomedicine,
vol. 65, no. 3, pp. 191–200, 2001.

[49] C. Ritz and J. C. Streibig, Nonlinear Regression with R,
Springer, 2009.

8 Journal of Nanomaterials



Corrosion
International Journal of

Hindawi
www.hindawi.com Volume 2018

Advances in

Materials Science and Engineering
Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Journal of

Chemistry

Analytical Chemistry
International Journal of

Hindawi
www.hindawi.com Volume 2018

Scienti�ca
Hindawi
www.hindawi.com Volume 2018

Polymer Science
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Advances in  
Condensed Matter Physics

Hindawi
www.hindawi.com Volume 2018

International Journal of

Biomaterials
Hindawi
www.hindawi.com

 Journal ofEngineering
Volume 2018

Applied Chemistry
Journal of

Hindawi
www.hindawi.com Volume 2018

Nanotechnology
Hindawi
www.hindawi.com Volume 2018

Journal of

Hindawi
www.hindawi.com Volume 2018

High Energy Physics
Advances in

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Tribology
Advances in

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Chemistry
Advances in

Hindawi
www.hindawi.com Volume 2018

Advances in
Physical Chemistry

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research InternationalMaterials

Journal of

Hindawi
www.hindawi.com Volume 2018

N
a

no
m

a
te

ri
a

ls

Hindawi
www.hindawi.com Volume 2018

Journal ofNanomaterials

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/ijc/
https://www.hindawi.com/journals/amse/
https://www.hindawi.com/journals/jchem/
https://www.hindawi.com/journals/ijac/
https://www.hindawi.com/journals/scientifica/
https://www.hindawi.com/journals/ijps/
https://www.hindawi.com/journals/acmp/
https://www.hindawi.com/journals/ijbm/
https://www.hindawi.com/journals/je/
https://www.hindawi.com/journals/jac/
https://www.hindawi.com/journals/jnt/
https://www.hindawi.com/journals/ahep/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/at/
https://www.hindawi.com/journals/ac/
https://www.hindawi.com/journals/apc/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jma/
https://www.hindawi.com/journals/jnm/
https://www.hindawi.com/
https://www.hindawi.com/

