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Abstract—Quantum Dots (QDs) are nanocrystals made of
semiconductors, which exhibit unique, size-tunable optical and
electronics properties. It emits photoluminescence (PL) with a
tunable wavelength. In this study, we combined QDs (CdSe/ZnS)
with Polydimethylsiloxane (PDMS) and study the PL effects as a
function of strain. The experimental results show significant effect
of photoactivation during strain test, where the PL intensity is
increased with time and reached the steady state condition after
20 minutes. The strain testing after the steady state condition
shows a decrease trend of the PL intensity, indicating acceptable
sensitivity of the flexible strain sensor. This strain testing PL
characterization confirming the promising used of QDs - PDMS
patch as flexible strain sensors.
Index Terms—Quantum Dots (QDs), Polydimethylsiloxane
(PDMS), Photoluminescence (PL), Flexible Strain Sensors.

I. INTRODUCTION
Quantum Dots (QDs) are defined as zero-dimensional semiconductor nanomaterials, comprising elements from the periodic groups II-IV, such as cadmium telluride (CdTe) or cadmium selenide (CdSe). In general, QDs have roughly spherical
shapes with size typically in the range of 1-12 nanometers
(nm) in diameter. In addition, QDs mainly consist of two
layers, the core and shell. QDs cores e.g. CdSe and CdTe
are mainly capped by an inorganic wide-band semiconductor
such as Zinc Sulfide (ZnS). This shell is designed to minimize
surface deficiency on the core so QDs emission can be
increased. Furthermore, it is also used as a safety barrier to
eliminate toxicity risk of the core in the tissue for biological
environmental applications.
Colloidal CdSe/ZnS quantum dots have been known for
their unique optical properties such as, bright photoluminescence (PL), photostability, size-dependent absorption and PL,
narrow emission and broad absorption bands [1]. These optical
properties are the result of the quantum confinement effect.
Hence, several applications have been developed based on
these optical properties. For example, Yoon et. al [2] developed
a white light emitting diode (LED) by dispersing the QDs onto
a polymer matrix. Furthermore, QDs also have been widely
used for solar cells and transistors production [3].
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Recent research shows that QDs are promising to be used
in a variety of sensing applications. In fact, QD interaction
with an analyte species in their local environment, such as
a specific molecule or ion, changes their photo-luminescence
property. This feature was exploited by for example Vasudevan
et.al [4], where fluorescence emission was used to detect
mercury levels in the environment. In terms of biosensing
application, the interaction between QDs and biomolecules,
such as DNA and protein, cause the PL to be switched on and
allow detection [3]. In addition, QDs also showed promising
features to be used for other sensing applications, such as
temperature and pressure sensors. For example, Ke et.al [5]
observed the change of emission intensity and PL shift on
CdSe QDs embedded in matrices over different range of
pressures. In this work, they also evaluated the increase of
QD quenching due to the effect of temperature changed.
It has been known that, the development of optoelectronic
device will evolve from current rigid system to flexible system
[6]. Accordingly, Tomczak et.al [7] suggested that the used of
QDs in different sensing applications requires a combination
of QDs and polymers. Indeed, polymers are promising host
materials for further QDs sensing applications because its
protective cover and matrix support attributes make it an ideal
alternative suspension host [1]. It is expected that the selection
of polymers will result in new functionalities of QDs. For
this reason, we developed flexible strain sensors based on
CdSe/ZnS quantum dots embedded in Polydimethylsiloxane
(PDMS).
In this study, we dispersed QDs into PDMS and observed
the change of photoluminescence as a factor of strain. This
experimental study was used to understand the effect of strain
on QDs PL when used as flexible strain sensors.
II. EXPERIMENTAL SECTION
There are three main experimental sections in our study,
which are the synthesis process of QDs, fabrication of flexible
strain sensors and sensors characterization. Each of these
experimental sections are describe in the following:

A. CdSe/ZnS Quantum Dots Synthesis
In this experiment, two synthesis processes are applied to
develop CdSe/ZnS Quantum dots, which are CdSe QDs core
synthesis and CdSe/ZnS core-shell QDs synthesis. Following
this, several chemical reagents were purchased from Sigma
Aldrich and Merck to be used for these two processes as shown
on Table I.

as spin coating, spray coating, drop casting, print and paint or
patterned method.

TABLE I
C D S E /Z N S Q UANTUM D OTS C HEMICAL R EAGENTS
Compound Name
Molar Mass (g/mol)
CdO
Cadmium Oxide a
128.41
Se
Selenium a
78.971
OA
Oleic Acid a
282.47
TOP
Trioctylphosphine a
370.64
ODE
Octadecene a
252.49
a
ZnAce
Zinc acetate
183.48
S
Sulfur a
32.065
CHCl3
Chloroform b
119.38
C2 H 6 O
Ethanol b
46.07
C3 H 6 O
Acetone b
58.089
a Purchased from Sigma Aldrich.
b Purchased from Merck.

Fig. 1. Schematic of Sensor fabrication Procedure

The first synthesis process of CdSe QDs core started by
preparing two precursors solution, which are Cd and Se. These
two preparations follow the same procedure explained in [4].
The CdSe QDs core are then prepared by a rapid injection
of Se precursor solution into the Cd precursor and allowed
to proceed for 90 s at 230o C. After that, the solution was
quenched in a water bath, allowing them to reached room
temperature. This process aims to stop the QD nucleation.
Subsequently, the resulted crude product was transferred to
two centrifuges tubes and 10 ml chloroform was added into
these tubes followed by 12 ml of acetone and 25 ml of ethanol
were added to both tube and then centrifuge at 17,000 rpm
for 13 minutes. Finally, the same re-dispersion procedure was
repeated using chloroform, acetone and ethanol, resulting a
purified QDs cores with 3.3 nm diameter and approximately
76,500 g/mol molecular weight.
Similarly, the Zn and S precursors solution were prepared
based on the method adapted on [4] and injected into the CdSe
core dispersion. An appropriate amount of Zn precursor was
injected first and then left for 15 min to react with CdSe core
solution. This was followed by the injection of S precursor
with the same reaction time. This resulted in a ZnS monolayer
forming around the CdSe cores. The process was repeated
thrice to form three ZnS monolayers. The synthesis process
ended with the purification of CdSe/ZnS QDs, using similar
procedure applied on the CdSe core synthesis process.

a. 100 µl

b. 200 µl

B. Flexible strain sensors Fabrication
Strain sensors transform mechanical deformations into electrical signals. In general, traditional strain gauge sensors are
fabricated by patterning metal foils into a flexible plastic
backing. However, this conventional metallic strain sensors
are limited to maximum strains of 5% [8]. As a result,
new approaches have been proposed to form composites of
nanomaterials with stretchable polymers to achieved high
stretchability for flexible strain sensors [9]–[11]. This has led
to the development of different fabrication techniques, such
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c. 300 µl
Fig. 2. CdSe/ZnS QDs - PDMS Fabricated Sensors Sample

In our work, CdSe/ZnS-PDMS based flexible strain sensors
fabrication method was modified from the work of Yoon et.al
[2]. First, we added 1000 µl of PDMS pre-polymer (Sylgard
184 elastomer base) into a micro-centrifuge tube. Following

this, the CdSe/ZnS QDs solution in chloroform were added
to the tube. Three different volumes of CdSe/ZnS QDs in
chloroform were used to fabricate the sensors. This solution
was mixed with a vortex mixer for approximately 3 min until
the CdSe/ZnS QDs were well dispersed with PDMS base.
Next, 100 µl PDMS curing agent (Sylgard 184 elastomer
curing agent) was pipetted into the mixture and mixed again on
the vortex mixer for another 3 minutes. This CdSe/ZnS-PDMS
mixture was drop cast onto a glass slide with a pipette and
placed inside a vacuum desiccator to remove solvent and air
bubbles for 30 min to 60 min. Finally, the thin films were cured
using hot plate at approximately 80 o C for 5 to 10 min. These
sensors sample were kept in the dark before characterization.
Figure 1 shows the schematic of fabrication steps of
CdSe/ZnS - PDMS based flexible strain sensors. Figure 2
depicts three different fabricated stretchable strain sensors,
using 100µl, 200µl, and 300µl of CdSe/ZnS QDs in chloroform. It can be seen that flexible strain sensors with higher
concentration of QDs have deeper color.

TABLE II
E XPERIMENTATION PARAMETERS S ETTING
Parameters
Led ON time a
Led OFF time a
Distance between sample and the light source b
Distance between the light source and detector b
Sample length b
Integration time c
Data update rate c
Max Velocity d
a Light source.
b Experimental Rig.
c Ocean View.
c Linear actuators.

Value
50 seconds
10 seconds
2.5 cm
2 cm
3 cm
1000 ms
100 ms
0.6 mm/s

box is used to cover the experimental setup. Moreover, the
fluorescence mode on the ocean view program are setup to
eliminate background light, aiming to minimized other light
detected by the detector.

C. Sensors Characterization Setup
We developed an experiment rig system to characterized
the flexible strain sensors by measuring the change of photoluminescence when strain is applied. The sensors sample were
placed on the linear actuator testing rig (Thorlabs LTS150m),
where different strains were applied based on the sample
length. A 405 nm LED purchased from Thorlabs is used as
the light source. This LED is controlled by arduino uno. The
photoluminescence changed was measure using ocean optics
USB4000. Figure 3 illustrates the experimental setup of for
strain characterization.

Fig. 4. Experimental Studies Results

Fig. 3. Experimental Setup for Sensor Characterization

III. RESULTS AND DISCUSSION
In this paper, we first developed the experimental protocol
to observe the changed of PL. The protocol used an ONOFF mechanism for the light source. In detail, the sensors
is strained in 2% increments. At each increment the LED
is switched on for 50s and then switched off for 10s. PL is
measured when the sensor is switched on. The 10s period with
no source illumination ensured that PL effects had sufficiently
ended. The experiment parameter settings are described on
Table II. All parameter settings were controlled by code
written in Matlab 2017b.
The noise from other light source is eliminated by setting
up the experiment in the dark room. In addition, a black
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The experimental result is shown on Figure 4. It can be seen
from the graph that PL increases for three sensors samples
(100 µl, 200 µl, 300µl) during 2% - 10% strains. Following
this, when further large strains were applied (10% - 30%), the
PL intensity decreased. The increase of PL intensity on the
experiments outcome did not coincide with our hypothesis. It
was assumed that when the sensor was strained, the concentration of QDs per unit volume of the sensor would decrease
and hence PL intensity.
Based on the literature, it was reported previously that QDs
PL quantum efficiency and lifetime inside the polymer are
affected by photoactivation activity. In their work, Biju et.al [1]
applied continuous photoctivation on CdSe/ZnS QDs mixed
with several polymers, such as poly(vinyl pyrrolidone) (PVP),
poly(butadiene) (PBD) and PDMS. Hence, their experiments
outcome shows that PL quantum efficiency and lifetime of
the mixture were increased due to the interactions between
polymer moluces and the surface of QDs. These findings
suggest that photoactivation of QDs may play a role in the
observed result.
Accordingly, further investigation were done in our experimental studies to investigate the effect of photoactivation in the
flexible strain sensors samples. Figure 5 shows test results on
continuous exposure of the samples without strain applied. It

Fig. 5. Experimental Studies - Photoactivation Test Results
Fig. 7. The Rate of Change in PL Intensity

can be seen that the sensors are affected by the photoactivation
activity. The PL intensity increases with time but reaches a
steady state after 20 minutes.

IV. CONCLUSION
Quantum dots provide unique optical properties. In particular, it emits stable photoluminescence (PL), whose frequency
is dot size dependent. In this work, the flexible strain sensors
were developed by combining CdSe/ZnS QDs into PDMS
matrix. These sensors show promising characteristics to be
used as a passive flexible strain sensors. A major influence
from photoactivation affects the change of PL and was found
interfere with the changes expected in PL intensity when
samples were strained. Further investigation revealed that
PL steady state is reached after 20 min of photoactivation,
creating better opportunity for further development of flexible
strain sensors based on CdSe/ZnS QDs. Further studies are
required to defined sensors sensitivity as the PL intensity
rates are vary for the same amount of strain applied. Another
perspective is to study small strain effect for more sensitive
sensor development.

Fig. 6. Experimental Studies Results - Strain Test After Photoactivation
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Furthermore, after the PL intensity reached it’s steady state
condition, we then measured the PL intensity as a function
of strain. Figure 6 shows that the PL intensity decreases for
10% to 30% of strain. This photoactivation test confirms the
increase of PL intensity phenomenon happened in the first
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Quantum dots. It is shown that the change of PL intensity
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sensitivity of the used method. Moreover, QDs concentration
was affecting the initial PL intensity value of the sensors.
Indeed, higher concentration of QDs causes PL intensity to
be increased as shown on the experimental results in Figure 4
and 5.
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