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Cadmium selenide quantum dot is a fascinating subject for leading high school students to the quantum
world. An 8-hour laboratory course for up to 12 high school students is proposed. The 8-hour course consist
of two 4-hours sections. This laboratory course includes the quantum dot syntheses, absorption and emission
characterization, and data analysis. The proposes process runs at relatively lower temperature which means
safe and easy, and shows apparent experimental results.
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I.

Introduction

The development of silicon-based semiconductor has
changed the course of human society.1 However, traditional semiconductor fabrication processes have reached a
limitation in making ultracheap small electronic device.1
In recent years, colloidal semiconductor quantum dots
(QDs) became an attractive materials class for nextgeneration electronic devices, because of their sizedependent optical properties and excellent chemical
processability.2,3 Applications including thin film field effect transistors, photoconductors, light-emitting diodes,
and electroluminescent devices have been demonstrated
through various types of QDs.1,3 As well as the massive applications in real-world, QDs are one of the great
subjects for education.4 . The QDs are usually made up
of several hundred to several thousand atoms surrounded
by organic ligands.2 Their small size allows quantum confinement effects to show up.2 One of the major effects of
quantum confinement is size-dependent band gaps of the
QDs which results in size-dependent fluorescence and can
be easily visualized.4,5 Besides, for most QDs band gap
increase with particle size which changes the emission
and absorption peaks of QDs.6 The spectra are easy to
measure and give students a chance to learn data analysis.
The CdSe synthesis and characterization procedures
for undergraduate students were previously established
by Landry et al..4 In this paper, we propose protocols
to synthesize different size of cadmium selenide (CdSe)
quantum dots and to characterize their absorption and
emission properties at a high school level to give high
school students hands-on processing experience. Cd and
Se are chosen as the materials to fabricate QDs since it
has large range of fluorescence and can be synthesized
at low temperature following simple chemical reactions.7
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All stock solutions used in the experiment are prepared
by a lab teaching assistant (TA) to protect high school
students from touching the toxic chemicals. Emission
and absorption data was take and used to calculate QDs
diameters and related bad gap energies. A data analysis
section was also prepared to help high school students
gain basic research knowledge. All of these syntheses,
characterization and data analysis process were designed
for a 8-hour lab course.

FIG. 1. CdSe quantum dots synthesis.

II.

Experiment

The 8-hour lab course consists of two 4-hour lab sections. The first section contains QDs synthesis, optical
property observation and emission data collection. The
second section is made up of absorption data collection
and data analysis. In the lab sections, a total of 11-12
students are divided into groups of 3-4.
A.

CdSe QDs Synthesis

The recipe used to synthesis CdSe QDs contains three
steps which are selenium stock solution preparation, cadmium stock solution preparation and CdSe QDs solution
quenching.4 In the first step, 99 mg selenium power was
added to 5.5 ml of trioctylphosphine (TOP) and stirred
at 550 rpm at room temperature till the metallic selenium was fully dissolved.4 Then 53 mg cadmium acetate
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dihydrate was dissolved and stirred at 550 rpm in a mixture of 5.5 ml octadecene and 0.6 ml oleic acid at 130℃.4
After stock solution preparation, 1 ml selenium precursor
and 1 ml cadmium precursor was injected simultaneously
into a solution of 10 ml of 1-octadecene and 0.6 ml of oleic
acid at 165℃.4 Finally, the solution was withdrawn and
quenched into the test tubes sitting in a water bath to
stop the reaction at some certain time (30 s, 60 s, 1.5
min, 2.5 min, 3.5 min, 5 min, 8 min, 12 min, 16 min
and 20 min). During this procedure, students in each
group are responsible for different steps: one student inject the stock solutions; one student record the time and
one student withdraw the QDs solution. The sketch of
this process is shown in Fig. 1
B.

FIG. 2. Optical characteristic vs time. (a) Colour of the
solutions under normal light (UV light off). (b) Colour of the
solutions with UV light illumination.

Optical properties characterization

In the first section, the QDs solutions were putting into
cuvettes and observed under both UV light and normal
light. Emission spectra and emission peak values were
recorded using a 390 nm LED light resource. The fourth
student in each group will take the emission data. If
there are only three students in the group, one student
will have two missions in this experiment.
In the second lab section, absorption data was gathered
using a Varian UV-Vis spectrophotometer.
C.
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Fig. 3(d). The absorption peaks exhibit a similar sizedependent trend of shifting4 . Moreover, due to Stokes
shift, the peak wavelength in absorption is shorter than
their corresponding emission peak4 . Both emission and
absorption spectra have a clear trend that intensity peak
increase as reaction time increases which indicated that
the band gap energy of the QDs decrease and particle
size increases.

Data analysis

In order to show students how to write reports at the
college level and help them learn basic research skills, a
group study on data analysis and representing data in figures was introduced in the second lab section. Procedure
of generating normalized and separated spectra curves
was shown to students and they were asked to calculate
QDs sizes as well as band gap energies with respect to
time.
III.
A.

Results
QDs colors

As shown in Fig. 2, the CdSe QDs that were fabricated
in the experiment show a wide color range. Under UV
lights the color of dots changes from blue to yellow, while
in normal white light color changes from transparent to
orange. The color changes indicated that the particles
sizes increase along with the reaction time so that the
solutions generate different colors.
B.

FIG. 3. Emission and absorption data. (a) Emission raw
data. (b) Normalized emission data . (c) Normalized and
separated emission spectra with respect to time. (d) Absorption intensity with respect to wavelength for same samples.
These data were gathered by TAs and the withdraw time is
slightly different from what students applied, but the results
do not change much.

Emission spectra, Absorption spectra and data analysis

Emission data were imported into google sheet and
spectra curves were plotted. Fig. 3 shows the procedure
of representing the data in a neat and clean way. First,
row data were directly plot and the figure is hard to read.
Second, the data were normalized by applying equation
(1) and the normalized data were plotted again. Finally,
by adding 1 to each intensity value more than the previous sample a readable figure was plotted. In Fig. 3(c),
The emission peak shift from 486 nm to 550 nm as time
increases. Absorption data was also plotted as shown in

Particle diameter and respectively band gap energy is
calculated using equation (2) and (3). Diameter vs time
and band gap energy vs time plot were shown in Fig.
4(a) and (b), which tells that the particle size increases
with time and the band gap energy decreases with time.
As the reaction goes on, the growth rate of particles decreases and in the very last group the particle size became
smaller than the previous group. Students were asked to
give oral presentation and design a poster based on these
results.
2
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Inormalized (λ) =

E=

I(λ)
Imax

hc
λ

(1)

(2)

D = (1.6122 × 10−9 )λ4 − (2.6575 × 10−6 )λ3
+ (1.6242 × 10−3)λ2 − (0.4277)λ + (41.57)? (3)

The synthesis procedure was shut down at 20 minutes
since the particle size reaches limit around this time and
the concentration of CdSe becomes low. According to
the growth rate of QDs, the samples were withdrawn
more quickly in the beginning and slow down after about
5 minutes. The suggestion time used here allows the
students to observe more colors without using too much
solution.
C.

Based on this years feedback, a second station is highly
recommended to be set up in order to shorten waiting
time for later groups. In addition, we would like to encourage students to switch roles for this experiment to
get more hands-on process experience instead of just one
student taking care of all withdraw solution part.
V.

FIG. 4. Fluorescence spectra, absorption spectra and related
results - (a) Normalized and separated emission intensity with
respect to wavelength for samples quenched at different time.
(b) Absorption intensity with respect to wavelength for same
samples. (c) Diameters of QDs made at different times (d)
Band gap energy of QDs made at different time.

IV.
A.

Discussion

Summary

quantum dots was demonstrated and introduced to
high school students. Optical characteristic vs time as
well as absorption and emission spectra characteristics
are measured. Color changes, absorption peaks and emission peaks all indicate that particle size increased with
reaction time increasing and then decreased after a peak
size was obtained due to temperature lost and low solute
concentration. To lead the students to the college-level
nanoworld research, a data analysis group study was also
designed. Clean figures were plotted after this study. Final result is given in the form of oral presentations and
posters.
VI.

Acknowledgements

Lab safety

Safety is always the most important thing when involving high school students in experiments. A safety
orientation was made in the lab at the beginning of each
lab section. Since this experiment includes toxic elements, all synthesis process should be completed inside
a well-ventilated fume hood and everyone should wear
nitrile gloves, aprons and safety goggles. Selenium and
cadmium stock solutions were prepared by TAs to avoid
students directly contact with metallic selenium and cadmium acetate dehydrate which are both harmful when
contacting skin. Though safety introduction was made
before lab sections, students mistakenly touch their skin
after touching the chemicals or taking tools out of the
hood still occurred. To reduce situations like these and
protect the students, TAs and lab instructors should pay
highly attention to students, and additional safety hand
out may need as well.
B.

Possible improvements

Choosing withdraw time

The samples are withdrawn in the time interval from
30 s to 20 min. This time interval was chosen after several test experiments. With this recipe, hardly any QDs
were observed before 30 seconds and it is hard for students with little experience to withdraw solutions faster.
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