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A B S T R A C T

Volatile organic compounds (VOCs) are potentially dangerous to the environment and human health. The de-
veloped sensing template in this study was prepared by a one-step process on a glass substrate using the elec-
trospinning technique. The sensing material made of the uniaxial aligned CdSe-CdS/Ag/PMMA composite
scaffold consists of CdSe-CdS core-shell quantum rods, silver nanoparticles (Ag NPs), and poly(methyl metha-
crylate) (PMMA) nanofibers. Increasing the specific surface area is beneficial for VOCs harvesting; therefore, the
uniaxial aligned CdSe-CdS/Ag/PMMA composite scaffold was slightly treated with UV-ozone etching, and thus
efficiently enhancing the extinction changes of VOCs. Also, a high VOC detection capability was demonstrated
by the polarization response and Ag surface plasmon resonance of the nanocomposite. A series of typical VOCs
and alcoholic VOCs were used for the VOCs sensor practical tests. This VOC sensor achieved a spectacular
detection limit of 100 ppm for butanol and 500 ppm for chlorobenzene. The uniaxial aligned CdSe-CdS/Ag/
PMMA composite scaffold is a newly designed nanocomposite and can reach the market demands comparing to
other commercial high sensitive VOC sensors.

1. Introduction

Volatile organic compounds (VOCs) cause severe to fatal accidents
in fire or explosion when the vapor concentration of chemicals meets
the lowest explosion limit. It is thus essential to develop gas sensors as
precautionary tools to prevent any potential risk in storage, in trans-
portation, and the use of VOCs. A useful VOC sensor should be designed
as a sensor with real-time detection, high sensitivity, and high re-
producibility [1–5]. Liu et al. fabricated p-type NiO nanoparticles to
detect 100 ppm VOCs with high response [6]. Paknahad et al. reported
that the microfluidic-based gas detector exhibited high selectivity for
1000 ppm VOCs [7]. Kim et al. proposed the Pt- and Pd-decorated ZnO
nanowires for 50 ppm toluene and 50 ppm benzene detection [8].

Recently, many types of gas sensors have attracted attention, such

as acoustic sensor [9], metal oxide semiconductor sensor [10], and
transistor sensor [11]. Although these types of sensors show excellent
sensitivity and detection limits, they also present some challenges. The
preparation of surface acoustic wave sensors requires vacuum deposi-
tion equipment or metal oxide targets, which increases equipment costs
[12]. Metal oxide semiconductor sensors require high-temperature
processes [13]. The fabrication process of the field-effect transistor
device is cumbersome, and gold is often used as an electrode [14].
Optical sensors are a potential research area because the preparation of
sensing materials is relatively simple. Without the need for a multilayer
device structure, it only requires a substrate and sensing material [15].
The preparation process can even use a full solution process [15–17].

A variety of sensing materials have been utilized to fabricate sensors
for VOCs detection, such as conjugating polymers [15,18,19], metal
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oxides [20–23], organic/inorganic composites [24], and semi-
conductors quantum dot [25]. Among them, semiconducting quantum
dots or rods are often fabricated with size from a few hundred to
thousands of atoms depending on the manufacturing process. The
versatile nanomaterials have broadband absorption [26], high photo-
chemical stability [27], high quantum yields [28], and tunable sizes
[29,30]. The tunable sizes or compositions feature [31] contributes to
optoelectronic devices [32,33], luminescent solar concentrators
[34,35], and sensors [36]. Aligning the quantum dots or rods could be a
better indicator for gas sensors since the anisotropic nanocrystals per-
form a polarized light emission along their crystal long axis [37]. For
instance, when CdSe nanoplatelets are oriented perpendicularly on the
substrate, they have exhibited polarized light emission properties [38].
Vertically aligned thin ZnO nanorod arrays with diameters between
30–100 nm have shown excellent responses to H2, NH3, and CO ex-
posure [39]. Ethanol sensing has also been investigated by ZnO nano-
wires up to 200 ppm at 300 °C [40]. For the detection of oxygen, the
film thickness of the CdSe/CdS sensor has dominated the sensitivity in
the measurements [41].

Moreover, the nano-sized sensing materials have been made for
achieving high sensitivity due to the large surface area [42,43]. CdSe
nanocrystals incorporated into PMMA polymer thin films have been
monitored by the photoluminescence (PL) in sensing triethylamine and
benzylamine vapor. It responded reversibly and rapidly to environ-
mental changes [44]. On the other hand, the electrospinning technique
is one of the best methods for fabricating a large quantity of sub-micro
scale fibers or nanoscale fibers [45,46]. Fabricating high-performance
sensing materials by the electrospinning technique is a simple and
economical process [47,48]. The 3D electrospun materials construct
thin films with a larger specific surface area. In our previous study,
P3HT/PMMA blending fibers detects many types of VOCs, including
acetone, ethanol, chlorobenzene, o-xylene, and toluene [16]. Although
the detection limits of acetone, o-xylene, and toluene achieved
500 ppm, the study still requires improvement to reach higher sensi-
tivity for gases.

If the concentration of VOCs is between lower explosive limit (LEL)
and upper explosive limit (UEL), fire or explosion may occur. Therefore,
the fabrication of VOC sensor to detect the concentrations below LEL is
imperative. In this study, we developed a highly sensitive CdSe-CdS/
Ag/PMMA composite scaffold for the detection of VOCs. It takes the
advantages of the distinct optical property of CdSe-CdS and Ag surface
plasmon resonance. We adopted photoluminescence (PL) spectra and
time-resolved photoluminescence (TRPL) spectra to give an insight into
the amplification of the response caused by the arrangement of the fiber
and the addition of Ag NPs. Moreover, we collected the extinction
spectra after every 30-degree rotation and found that the aligned CdSe-
CdS/Ag/PMMA composite scaffold showed polarization-selective be-
havior, which resulted in the enhanced extinction change. The CdSe-
CdS/Ag/PMMA composite scaffolds successfully achieved a non-selec-
tive detection limit of 500 ppm for chlorobenzene and 100 ppm for
butanol.

2. Experimental details

2.1. Materials

PMMA (MW∼120,000 Da) was purchased from Sigma-Aldrich and
used without further purification. CdSe-CdS was synthesized by a
seeded growth approach [49]· To prepare Cd precursor solution I,
3.000 g of trioctylphosphine oxide (TOPO), 0.280 g of octadecylpho-
sphonic acid (ODPA) and 0.060 g of CdO were well mixed in a glass
flask at 150 °C under vacuum for one hour. For the preparation of CdSe
seeds solution, 1.860 g of trioctylphosphine (TOP) and 0.058 g of Se
were added into Cd precursor solution I at 370 °C under N2 atmosphere
for 3min. To prepare Cd precursor solution II, 0.057 g of CdO was
mixed with 3.000 g of TOPO, 0.290 g of ODPA, and 0.080 g of

hexylphosphonic acid (HPA) at 350 °C under N2 atmosphere in another
glass flask. 0.120 g of sulfur was dissolved in 1.500 g of TOP and Cd
precursor solution II. After 8min of rigorous stirring, 200 μL of CdSe
seeds solution was injected into the as-prepared solution. The CdSe-CdS
core-shell quantum rods were prepared. For the preparation of Ag NPs,
the synthesis method was referenced by a method published by C. Shen
et al. [50]. 0.6 mmol of silver nitrate (AgNO3) and 6.0mmol of oley-
lamine were mixed in chlorobenzene (99.8 %, Acros) for one hour at
120 °C under N2 atmosphere. The synthetic diameter of Ag NPs is
∼17 nm on average.

2.2. Fabrication of CdSe-CdS/Ag/PMMA composite scaffold

The CdSe-CdS core-shell quantum rods were mixed into the stirred
solution of PMMA in chlorobenzene. The concentration of the CdSe-
CdS/PMMA blending solution was 27.0 wt%. Then, 1.0 wt% Ag NPs in
chlorobenzene was added to CdSe-CdS/PMMA blending solution with
continuous stirring for 24 h. The electrospinning device includes a high-
voltage power supply (SC-PME50, Global Co. Ltd., Taiwan), a syringe
pump (KDS-100, KD Scientific Inc., United States), and a grounded
rotary collector with a diameter of 15.0 cm and a length of 15.0 cm
(FES-COS, Falco Tech Enterprise Co. Ltd., Taiwan). The maximum
voltage of the voltage power supply is 50.0 kV with a controlled 1.0 V
resolution. The flow rates and volumes of the solution were auto-
matically controlled by the syringe pump, which can handle various
syringes with different quantities and needle sizes. The rotational speed
of the metal collector was precisely controlled. With well-defined pro-
cessing parameters of electrospinning, the CdSe-CdS/Ag/PMMA com-
posite scaffolds were prepared on the glass substrate successfully.
Generally, the applied voltage was scanned from 10.0 to 25.0 kV; the
tip-to-collector distance was 10.0 cm; the rotational speed of the metal
collector was 500 rpm; the flow rate of CdSe-CdS/Ag/PMMA precursor
solution was 0.5 ml/h.

2.3. Characterizations

The microstructures of the sensing material with various PMMA
fibers were observed using scanning electron microscopy (SEM, SNE-
4500M, SEC CO. Ltd., Korea) operated at an accelerating voltage of
15.0 kV. Spherical-aberration corrected field emission transmission
electron microscope (JEOL, JEM-ARM200FTH, Japan) was used to
observe the microstructures of CdSe-CdS quantum rods. UV–vis ab-
sorption spectra of CdSe-CdS quantum rods and extinction spectra of
the CdSe-CdS/Ag/PMMA composite scaffold were measured by a
UV–vis spectrophotometer V-730, Jasco International Co., Japan in the
wavelength range of 400 to 1100 nm. For the photoluminescence PL
measurement, the samples were excited with a 440 nm continuous-
wave diode laser PDLH-440-25, DongWoo Optron Co. Ltd. with a
550 nm long pass filter. The emission spectrum was collected and
analyzed by a photomultiplier tube detector system (PDS-1, DongWoo
Optron Co. Ltd.) and conventional photon-counting electronics using a
monochromator (Monora 150i, DongWoo Optron Co. Ltd.). The tran-
sient time-resolved photoluminescence (TRPL) plots were recorded by a
time-correlated single-photon counting (TCSPC) (WELLS-001 FX,
DongWoo Optron. Ltd.) spectrometer operating at a frequency of
312.5MHz with 2 μs duration.

For VOCs detection, the 80.0 cm3 quartz chamber was used to si-
mulate the VOC pollution environment. Various solvents, such as
acetone, diethyl ether, tetrahydrofuran, chloroform, toluene, chlor-
obenzene, o-xylene, methanol, ethanol, propanol, isopropanol, and
butanol were applied to test the sensing properties of CdSe-CdS/Ag/
PMMA composite scaffold. To create a saturated vapor pressure of
VOCs, an excess of solvent was dropped into the quartz chamber. When
the solvent completely evaporated, the CdSe-CdS/Ag/PMMA composite
scaffold was placed at the center of the quartz chamber for validation.
UV–vis spectrometer was used to measure the extinction spectrum of
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the CdSe-CdS/Ag/PMMA composite scaffold versus ascending VOC
exposure time. We also use gas chromatographs to establish calibration
curves and confirm concentrations. The schematic of the CdSe-CdS/Ag/
PMMA composite scaffold and the procedure of extinction spectra
measurement are shown in Fig. S1. All the measurements were col-
lected at 25 °C, 1.0 atm and under the relative humidity of 50 %. To
avoid the disturbance of environmental moisture, we first defined a
reasonable detection value where the response higher than 0.010. The
value according to the maximum response of 0.005 tested with the
humidity ranged from 33 % to 85 %.

3. Results and discussion

The synthesized core-shell CdSe-CdS quantum rods in this study
showed distinct optical properties. In Fig. 1a, the microstructure of
CdSe-CdS quantum rods were observed by the TEM, showing an
average length of ∼20.0 nm and an average diameter of ∼5.0 nm. As
shown in Fig. 1b, the band gaps calculated via UV–vis spectroscopy is
2.56 eV. The PL spectrum depicted the emission peak at 630 nm
(Fig. 1c). Due to the outstanding optical properties of CdSe-CdS
quantum rods, they were added into the electrospun PMMA fibers as a
nanocomposite to enhance light harvesting for our sensing materials.

The applied voltage of electrospun was delicately controlled to vary
the diameter of fibers. From the optical microscope images, we ob-
served that the CdSe-CdS/PMMA nanocomposite seemed straight, but
the diameters varied when the applied voltage was set at 10.0 kV
(Fig. 2a). When the applied voltage was set at 15.0 kV, the CdSe-CdS/
PMMA nanocomposite was slightly thinner, but the diameter varied
between 1.0 and 4.0 μm (Fig. 2b). When the applied voltage was set at
20.0 kV, the diameter of CdSe-CdS/PMMA nanocomposite became even
thinner and was more uniform at ∼ 2.0 ± 0.3 μm (Fig. 2c). Un-
fortunately, when the applied voltage increased to 25.0 kV, the dia-
meter of the CdSe-CdS/PMMA nanocomposite became thicker and
nonuniform (Fig. 2d). The diameter size distribution of CdSe-CdS/
PMMA nanocomposite fabricated with four applied voltage is plotted in
Fig. 2e. Therefore, the CdSe-CdS/PMMA nanocomposite was prepared
in the optimum condition by an applied voltage of 20.0 kV after con-
sidering the uniformity of the fibers.

The SPR of metal nanoparticles was used to enhance the detection
limit of the sensing material. Ag NPs were used as a dopant in this
study. The size of the synthesized Ag NPs was observed by TEM
(Fig. 3a), and inset of Fig. 3a shows the high-magnification TEM image
of Ag NPs. In Fig. 3b, the average particle size distribution of synthetic
Ag NPs was summarized. The average size of Ag NPs observed was
about 16.9 ± 0.7 nm. Fig. 3c depicts the absorption spectrum of

synthesized Ag NPs at around 430 nm. Ag NPs were then added into the
CdSe-CdS/PMMA nanocomposites as a composite scaffold for higher
VOCs response from SPR characteristics.

The UV-ozone etching technology was applied to generate more
surface areas for VOCs acquisition. The equipment produces oxygen
free radicals when the UV lamp irradiates oxygen molecules in the air.
The oxygen-free radicals react with organic carbon chains on the sur-
face of the CdSe-CdS/Ag/PMMA composite scaffold. Carbon monoxide

Fig. 1. (a) TEM image, (b) UV–vis spectrum and (c) PL spectrum of CdSe-CdS quantum rods.

Fig. 2. The optical images of CdSe-CdS/PMMA nanocomposite fabricated at
four different applied voltages, (a) 10.0 kV, (b) 15.0 kV, (c) 20.0 kV, and (d)
25.0 kV. (e) The plot of the diameter size distribution of CdSe-CdS/PMMA
nanocomposite versus the applied electrospun voltage.
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Fig. 3. (a) TEM image of Ag NPs. Inset photo is the high-magnification TEM image for the observation of individual Ag NP. (b) The relative particle numbers in sizes
and its distribution, and (c) UV–vis absorbance spectrum of Ag NPs.

Fig. 4. The optical images of CdSe-CdS/Ag/PMMA composite scaffolds treated with UV-ozone etching after (a) 0min, (b) 10min, (c) 30min, (d) 60min, and (e)
90min. The insets are the photographs of each sensing chip. (f) The extinction spectra of CdSe-CdS/Ag/PMMA composite scaffolds with various etching time.
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was formed and was taken away by the outlet air flux. The UV-ozone
treated surface of the CdSe-CdS/Ag/PMMA composite scaffold was
observed using an optical microscope. It is noted that the surface of the
CdSe-CdS/Ag/PMMA composite scaffold was gradually eroded con-
cerning the etching time. The scaffold surface remained the same in the
first 30 min of the etching time (Fig. 4a–c). When the etching time
reached 60min (Fig. 4d), the surface of the CdSe-CdS/Ag/PMMA
composite scaffold has been significantly eroded. In Fig. 4e, the surface
of the CdSe-CdS/Ag/PMMA composite scaffold has been etched away
after 90min. The extinction spectra of every individually etched sen-
sing scaffold were ready to be investigated further for the in-situ VOCs
sensing (Fig. 4f).

Every UV-ozone etched CdSe-CdS/Ag/PMMA composite scaffold
was exposed to 10,000 ppm chlorobenzene vapor. Chlorobenzene is a
common colorless flammable solvent and widely used as an inter-
mediate to synthesize other chemicals. Fig. 5 shows the extinction
spectra of UV-ozone etching treated CdSe-CdS/Ag/PMMA composite
scaffolds in 0, 10, 30, 60, and 90min. In Fig. 5a, the non UV-ozone
etched CdSe-CdS/Ag/PMMA composite scaffold showed no apparent
difference in chlorobenzene vapor. The extinction change of the CdSe-
CdS/Ag/PMMA composite scaffold became stronger after 10min of UV-
ozone etching time (Fig. 5b). Minor changes in the composite scaffolds
were observed. With 30min of UV-ozone etching (Fig. 5c), the CdSe-
CdS/Ag/PMMA composite scaffolds had noticeable variations in ex-
tinction spectra because of the rough surface of nanocomposite scaffold
was able to absorb more chlorobenzene vapor than untreated surface
sensing specimen. The 60min UV-ozone etched CdSe-CdS/Ag/PMMA
composite scaffolds exhibited the most significant extinction change
(Fig. 5d). However, for the 90min UV-ozone etched CdSe-CdS/Ag/
PMMA composite scaffold, most of the nanocomposite scaffold has been
removed by the vapor of chlorobenzene. The intensity of extinction was
declined because the nanocomposite scaffolds have been over-etched.
The variation of the extinction spectra becomes limited.

The nanocomposite scaffolds were measured by PL and TRPL to
examine Ag doping effect on the nanocomposite scaffold. Fig. 6a shows
the PL spectra of the CdSe-CdS/PMMA nanocomposites and the CdSe-
CdS/Ag/PMMA composite scaffolds with electrospun fibers in either
aligned or random orientation. The nanocomposites with Ag doping
exhibited a high PL quenching because Ag NPs trapped the excited
electrons from CdSe-CdS quantum rods. Hence, the Ag doping nano-
composites showed lower radiative recombination. Besides, the aligned
nanocomposites demonstrated lower PL intensity than randomly or-
ientated nanocomposites. These results indicated that the aligned fiber
provides aisles for electron transport. We further measured the TRPL
spectra of various nanocomposite scaffolds. In order to measure the fast
charge carrier dynamics, the TRPL via the time-correlated single-
photon counting was utilized. The fitting TRPL decay curves at 630 nm
of the nanocomposite scaffolds are shown in Fig. 6b. The TRPL spectra

were analyzed by the eliminated instrument response function bi-ex-
ponential decay kinetics. The data can be obtained by Eq. (1) [51].
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The average lifetime was calculated by Eq. (2).
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Fig. 5. The in-situ extinction spectra of (a) 0min, (b) 10min, (c) 30min, (d) 60min, and (e) 90min UV-ozone etched CdSe-CdS/Ag/PMMA composite scaffolds
when they were exposed to 10,000 ppm chlorobenzene.

Fig. 6. (a) Photoluminescence spectra and (b) time-resolved photo-
luminescence spectra of the CdSe-CdS/PMMA nanocomposites and the CdSe-
CdS/Ag/PMMA composite scaffolds with electrospun fibers of either aligned or
random orientation.
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The average PL lifetimes of nanocomposite scaffolds are shown in
Table 1. The nanocomposite scaffolds with Ag doping exhibited lower
PL lifetime. The best average PL lifetime of the CdSe-CdS/Ag/PMMA
composite scaffolds was noticed at 4.64 ns. The results indicated that
electron transport was increased with silver-containing in nano-
composite scaffolds.

The polarization properties of the aligned CdSe-CdS/Ag/PMMA
composite scaffolds were measured in 10,000 ppm chlorobenzene too.
The extinction spectra of the aligned CdSe-CdS/Ag/PMMA composite
scaffolds were collected every 30 degrees at angles from 0 to 360 de-
grees (Fig. 7). It is noted the delta extinction that the sensing of
chlorobenzene is fast within one minute. The CdSe-CdS/Ag/PMMA
composite scaffold showed a high extinction change at 60° and 240°.
These results suggest that CdSe-CdS quantum rods exhibited polarized
emissions in the prepared composite scaffolds as a sensing signal. The
delta extinction is saturated at 0.12 after the chlorobenzene exposure at
20min. The aligned CdSe-CdS/Ag/PMMA composite scaffolds demon-
strated a useful sensing device in a very short amount of time under a
high concentration of chlorobenzene vapor. Moreover, various VOCs at
10,000 ppm were evaluated for CdSe-CdS/Ag/PMMA composite scaf-
folds. To quantify the response of VOCs, the band intensity at a wave-
length of 572 nm was selected as an indicator. The Response572 was
defined as below,

= −E E EΔ t0(572) (572) (3)

= E
E

Response Δ
572

0(572) (4)

The CdSe-CdS/Ag/PMMA composite scaffolds were inserted into a
quartz container and were exposed to various VOCs with different
concentrations for 2 h. VOC vapor was adsorbed on the surface of CdSe-

CdS/Ag/PMMA composite scaffold. This phenomenon causes changes
in the extinction spectrum. In order to increase the detection accuracy
and to minimize the effect of environmental humidity, we measured the
response of CdSe-CdS/Ag/PMMA sensing material at 25 °C under var-
ious humidity as a control. The tested humidity ranged from 33 % to 85
% (Fig. S2). According to the response plot, if the response higher than
0.010, we defined it as an effective detection value. After that, we di-
vided VOCs testing into two groups, the typical VOCs and alcoholic
solvents. For typical VOCs, we adopted acetone, diethyl ether, tetra-
hydrofuran, chloroform, toluene, chlorobenzene, and o-xylene; for or-
dinary alcoholic solvents, we adopted methanol, ethanol, propanol,
isopropanol, and butanol. The response plots and response time of the
CdSe-CdS/Ag/PMMA composite scaffold are shown in Fig. 8 and
Table 2, respectively. In Fig. 8a, the CdSe-CdS/Ag/PMMA composite
scaffold sensing materials in chlorobenzene vapor showed the max-
imum distinguished response (∼2min). In Fig. 8b, the response time of
alcoholic solvents depends on the methyl chain length of alcohol. The
sensing material under butanol environment shows the fast response
time (< 1min) due to its hydrophilicity toward PMMA materials. The
Response572 for butanol vapor is 0.45 with respect to the 0.15 for pro-
panol and isopropanol.

Among all the concerns with VOCs, we concern the most about the
leakage of VOCs in their normal usage. Thus, the detection of low
concentration VOCs becomes very important. Herein, chlorobenzene
and butanol vapor was detected from low to high concentrations as
examples. Fig. 9 shows the sensing response of chlorobenzene and
butanol at various concentrations. The response of the CdSe-CdS/Ag/
PMMA composite scaffold became more significant as the VOC con-
centrations increased. The LEL is the minimum VOC vapor concentra-
tion to trigger the combustion in air. When the concentration of VOCs
vapor is lower than the LEL, it is too lean to burn out the air [52]. The
CdSe-CdS/Ag/PMMA composite scaffold was able to effectively detect
VOC concentration that was much lower than the LEL. The LEL of
chlorobenzene and butanol are 13,000 and 17,000 ppm, respectively.
According to the effective detection value of R572 at 0.010, the detec-
tion limits of the CdSe-CdS/Ag/PMMA composite scaffold were able to
reach 500 ppm for chlorobenzene and 100 ppm for butanol. The de-
veloped CdSe-CdS/Ag/PMMA composite scaffold in this study could
achieve an instant responsive device to detect leakage of VOCs. This
VOC device with a fast response time can prevent the industrial acci-
dent. However, permissible exposure concentration in the working

Table 1
Average lifetimes of the CdSe-CdS/PMMA nanocomposite and the CdSe-CdS/
Ag/PMMA composite scaffolds with random/aligned arrangements.

Sample Arrangement A1 (%) τ1 (ns) A2 (%) τ2 (ns) τavg (ns)

CdSe-CdS/PMMA random 48.0 4.84 52.0 14.90 10.07
aligned 48.1 3.71 51.9 13.50 8.81

CdSe-CdS/Ag/
PMMA

random 58.6 3.03 41.4 11.50 6.52
aligned 67.1 2.34 32.9 9.34 4.64

Fig. 7. The extinction change of CdSe-CdS/Ag/PMMA composite scaffolds measured in various polarization angles. These composite scaffolds were exposed to
10,000 ppm chlorobenzene for (a) 1min, (b) 2min, (c) 8min, (d) 20min, (e) 60min, and (f) 120min.
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environment is quite low. We listed the labor safety regulations of
various countries for permissible exposure concentration in Table S1.
Therefore, the development of low-cost, high-sensitivity, and real-time
detection VOC sensors is the focus of future research.

4. Conclusion

In summary, the VOCs sensing materials consisting of CdSe-CdS/
Ag/PMMA composite scaffolds were prepared successfully by the
electrospinning process and UV-ozone etching treatment. A series of
typical VOCs and alcoholic solvents were chosen to test the ultra-

sensitivity of the CdSe-CdS/Ag/PMMA composite scaffold. The CdSe-
CdS/Ag/PMMA composite scaffold could effectively detect the VOCs
well below the lowest explosion limits within one minute. It even
achieved a non-selective detection limit of 500 ppm for chlorobenzene
and 100 ppm for butanol. This CdSe-CdS/Ag/PMMA composite scaffold
enhances the progressing of VOCs sensing technology.
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Fig. 8. The response plots of the CdSe-CdS/Ag/PMMA composite scaffold when it is exposed to 10,000 ppm of (a) typical VOCs and (b) alcoholic solvents.

Table 2
The response time of the CdSe-CdS/Ag/PMMA composite scaffold
when it is exposed to 10,000 ppm of VOCs.

Type of VOCs Response Time (min)

Blank N/A
Acetone 12
Diethyl ether 2
Tetrahydrofuran (THF) 6
Chloroform (CF) 80
Toluene 16
Chlorobenzene (CB) 2
o-Xylene 6
Methanol N/A
Ethanol N/A
Propanol 1
Isopropanol 1
Butanol < 1

Fig. 9. Extinction change plot of CdSe-CdS/Ag/PMMA composite scaffolds exposed to (a) chlorobenzene and (b) butanol with various concentrations ranging from
100 to 10,000 ppm.
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