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toward VOCs.

Volatile organic compounds (VOCs) sensors are the imperative technology of modern life for environmen-
tal monitoring to detect any harmful elements and to prevent lethal exposure. The sensing material is a
fibrous film consisting of poly(3-hexylthiophene)(P3HT)/poly(methyl methacrylate)(PMMA) blend, and it
is fabricated on a glass substrate. The P3HT/PMMA fibrous film is made by electrospinning process and
shows high specific surface for solvent vapor harvesting. The P3HT/PMMA fibrous films are thus easily
designed according to the extinction changes of VOCs. The P3HT/PMMA fibrous film exhibits the detec-
tion capability for VOCs. It satisfies the detection limit of acetone, toluene and o-xylene at 500 ppm. The
cost of the P3HT/PMMA fibrous film is acceptable to the market in contrast to the commercial sensors

© 2017 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

1. Introduction

Volatile organic compounds (VOCs) are hazardous materials
to environment and human health. Especially, serious injury and
death would occur in the fire and explosion when the concentra-
tion of VOCs is above the explosion limit. Thus, the storage, trans-
portation, and usage of VOCs should be very careful to prevent any
accident. Further, the sensor needs for VOC is urgent to guard our
homeland and defend accidental factors. The sensor design should
be real-time detection, high sensitivity and high reproducibility [1-
7]. Various sensing materials have been used to detect targeted
VOCs, such as conjugating polymers [8], metal oxide [9] and or-
ganic/inorganic composites [10].

The physical structure of sensing materials is important to de-
termine the sensitivity of VOCs sensors. The nanostructured sens-
ing materials have been adopted to achieve high sensitivity due to
their high surface area [11-14]. Electrospinning technique can be
used to prepare a large quantity of sub-microscale or nanoscale
diameter of fibrous materials [15,16]. The precursor solution is
subjected to a high voltage during the electrospinning process.
When the electric field reaches a critical value at which the re-
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pulsive electric force overcomes the surface tension of solution, a
charged jet of the solution is ejected from the tip of the Taylor
cone and spun into air as fibers [17,18]. In addition, the electro-
spinning technique is a simple and economical process to prepare
high-performance sensing materials [19,20].

Poly(3-hexylthiophene) (P3HT)/phenyl-C61-butyric acid methyl
ester (PCBM) nanocomposites were often used to prepare polymer-
based bulkheterojunction photovoltaics [21-24]. In the previous
study, a P3HT/PCBM nanocomposite was fabricated as VOCs sens-
ing materials to detect the VOCs existence within several minutes
[25]. However, the cost of PCBM is expensive to the industrial pro-
duction. The electrospun 3D-materials exhibit the larger specific
surface area comparing with thin film materials [26]. Electrospin-
ning is a good technique for enhancement of sensitivity and de-
tection limit. Herein, poly(methyl methacrylate) (PMMA) is applied
to prepare sensing materials due to the transparent thermoplastic
polymer which usually used in sheet form as a lightweight alterna-
tive to glass [27,28]. Hence, we adopted the P3HT/PMMA blending
system as the sensing material for VOCs detection.

In the present work, we developed a series of P3HT/PMMA fi-
brous films with various blending ratios by the electrospinning
process. The electrospun P3HT/PMMA fibrous film with large spe-
cific surface area is a good candidate for VOCs detection. The op-
tical extinction of P3HT/PMMA fibrous film is varied upon the
exposure to VOCs vapor, and it served as an indication of the
VOCs presence. Furthermore, fast and efficient VOCs sensing is

1876-1070/© 2017 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
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Fig. 1. Illustration diagram of measuring the extinction spectra of the P3HT/PMMA fibrous film before and after 2 h exposure to saturated chlorobenzene.

achievable on the basis of the instant response to the concentra-
tion of explosive limit. To the best of our knowledge, this is the
first study using P3HT/PMMA fibrous film to detect VOCs [29,30].
The P3HT/PMMA fibrous film developed definitely extends the cur-
rent VOCs sensing technology and protects human and environ-
ment effectively in prior to potential VOCs risks.

2. Experimental details
2.1. Materials

PMMA (M.W.~ 996,000 Da, Aldrich) was used as received with-
out any purification. The P3HT (M.W. ~ 60,000 Da) was synthesized
according to the literature [31]. The P3HT solution was obtained
by dissolving P3HT in chlorobenzene (99.8%, Acros) with continu-
ous stirring at 40°C for 48 h. Then, the P3HT solution was added
to the stirred solution of PMMA in chlorobenzene. The details of
the chemical composition of the polymer blendings were summa-
rized in Table S1. The concentration of P3HT/PMMA blending solu-
tion was 15.0 wt%.

2.2. Fabrication of P3HT/PMMA fibrous film

The electrospinning system includes the high-voltage power
supply (You-Shang Technical Co. Ltd., Taiwan), the syringe pump
(KDS-100, KD Scientific Inc., United States), and a grounded alu-
minum disk as the collector (the diameter is ~20.0 cm). The high-
voltage power supply gives the maximum voltage of 40.0kV with
the controlled 1.0V resolution. The syringe pump has the capac-
ity to handle various syringes with different volume and needle
size. It precisely controls the flow rates and volumes. The rota-
tional speed of the aluminum disk collector can be tuned pre-
cisely. The P3HT/PMMA fibrous films were prepared on the glass
substrates successfully regarding the well-defined processing pa-
rameters of electrospinning. Generally, the applied voltage is 5.0-
25.0kV; the tip-to-collector distance is 5.0-15.0 cm; the rotational
speed of the aluminum disk collector is 50-100 rpm; and the flow
rate of P3HT/PMMA blending solution is 0.5-1.5ml/h. The best
conditions in this study are set at 15.0kV for the applied high-
voltage, the tip-to-collector distance at 7.0 cm, the rotational speed
of the aluminum disk collector at 80rpm, and the constant flow
rate at 1.0ml/h. In addition, we also adopted a spin-coater to fab-
ricate a P3HT/PMMA thin film (~800nm). The spinning receipt is
500rpm for 30s.
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Fig. 2. The SEM images of P3HT/PMMA fibrous film with several P3HT concentra-
tions, (a) pristine PMMA, (b) 0.10wt% P3HT, (c) 1.00wt% P3HT, (d) 5.00 wt% P3HT
and (e) the diameter distribution of P3HT/PMMA blend fibers.

2.3. Characterizations

The microstructures of P3HT/PMMA fibrous films were ob-
served by scanning electron microscope (SEM, SNE-4500M, SEC
Co. Ltd., Korea) that was operated at an accelerating voltage of
15.0kV. The morphology changes of P3HT/PMMA fibrous film af-
ter the treatment of saturated toluene was evaluated by an opti-
cal microscope (OM, H416-T, Hwatang Optical Industries Co. Ltd.,
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Fig. 3. Plots of extinction spectra of pristine PMMA thin film, 0.10 wt%, 1.00 wt%,
5.00 wt% P3HT/PMMA fibrous films, and pristine P3HT thin film (bottom to the top).
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Taiwan). The steady-state photoluminescence (PL) spectra were ob-
tained by pumping the samples with a continuous wave, diode
laser (Aexe ~440nm, PDLH-440-25, DongWoo Optron Co. Ltd., Ko-
rea). The emission spectra were detected by a photomultiplier tube
detector system (PDS-1, DongWoo Optron Co. Ltd., Korea) and an-
alyzed by a monochromator (Monora 150i, DongWoo Optron Co.
Ltd., Korea). Time-resolved photoluminescence (TRPL) spectroscopy
was performed by using a time-correlated single photon counting
(WELLS-001 FX, DongWoo Optron Co. Ltd., Korea) spectrometer. A
pulse laser (Aexe ~440nm) with an average power of 1 mW, oper-
ating at 50 MHz, with 70 ps duration was applied for excitation.

2.4. Procedures for the VOCs testing

The extinction spectra of the P3HT/PMMA fibrous film were
measured using an ultraviolet-visible spectrometer (UV-VIS Spec-
trophotometer, V-630, Jasco International Co., Japan) in the wave-
length range of 400-1100nm. The 80.0cm> quartz chamber was
constructed to simulate the pollution of VOC environment. Typical
solvents, including ethanol (99.5%, Acros), acetone (99.8%, Acros),
toluene (99.8%, Acros), o-xylene (97%, Aldrich) and chloroben-
zene (99.8%, Acros) were tested to access the sensing prop-
erties of P3HT/PMMA fibrous film. To identify the VOC ab-
sorbed in the P3HT/PMMA fibrous film quantitatively, the dif-
ferent solvent amounts were placed in the bottom for evapora-
tion. (i.e., certain concentration VOCs). Table S2 lists the solvent
amounts for VOC testing in quartz chamber. In addition, a gas

a
600} Pristine P3HT
——5.00 wt% P3HT/PMMA
500} ——1.00 wt% P3HT/PMMA
——0.10 wt% P3HT/PMMA
400

300
200
100

PL Intensi

550 600 650 700 750 800 850
b Wavelength (nm)
o 0.10 wt% P3HT/PMMA
102h = o 1.00 wt% P3HT/PMMA
' o 5.00 wt% P3HT/PMMA

o Pristine P3HT

—
°—l

B BEqgs

u)

Intensity (arb. units)
8

0o 1 2 3 4 5
Time (ns)

Fig. 4. (a) Photoluminescence spectra and (b) time-resolved photoluminescence
spectra of pristine P3HT thin film and various P3HT/PMMA fibrous films with sev-
eral P3HT concentrations at room temperature.

chromatography (GC, 2000, China Chromatography Co., Taiwan)
was used to measure the practical VOC concentration again. Each
calibration curve is obtained to determine the VOC concentration
at first. The theoretical and practical values of VOC concentration
are listed in Table S3. For creating saturated VOC vapor pressure,
excess solvent was left in the quartz chamber. Whenever solvent
is fully evaporated, the P3HT/PMMA fibrous film was placed in
the center of the quartz chamber for validation. After that, the
ultraviolet-visible spectrometer was utilized to measure the ex-
tinction spectrum of P3HT/PMMA fibrous film with VOCs exposed
time. The simple illustration diagram of measuring the extinction
spectra of the P3HT/PMMA fibrous film is shown in Fig. 1. For the
reversibility test of P3BHT/PMMA fibrous film, each sample is ex-
posed to the toluene with different concentrations, including 500,
2000, and 10,000 ppm, for 120 min. Then, the chamber was opened
and continued to measure the response plots of toluene for 50 min.

3. Results and discussion

Several P3HT/PMMA blend solutions with several P3HT concen-
trations were prepared to fabricate P3HT/PMMA fibrous films by
electrospinning process. The SEM images of various P3HT/PMMA
fibrous films are shown in Fig. 2(a)-(d). Fig. 2(e) shows the diam-
eter distribution of various electrospun P3HT/PMMA fibrous films.
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Fig. 5. Extinction spectra and sensitivity plots of P3HT/PMMA blending materials
exposed to various VOCs at saturated vapor pressure with different time. (a,b) Blank
test for P3HT/PMMA thin film, (c,d) blank test for P3HT/PMMA fibrous film, and
P3HT/PMMA fibrous film exposed to (e,f) ethanol, (gh) acetone, (ij) toluene, (k1)
o-xylene and (m,n) chlorobenzene.
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Fig. 6. Optical micrographs of P3HT/PMMA fibrous film exposed to saturated
toluene for (a) Omin, (b) 1min, (c) 5min, (d) 10min, (e) 30 min, (f) 60 min, (g)
90 min and (h) 120 min.
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Fig. 7. The schematic diagram of the three stages involved in VOC sensing.

The average diameter is increased from 0.75um to 1.40um as the
concentration of P3HT is varied from 0.00 to 5.00 wt%. It is inter-
esting to know that the thick diameter of 5.00 wt% P3HT/PMMA fi-
brous film is a result of P3BHT-PMMA phase separation [32]. The
changes of miscibility of two polymers system are according to
the free energy of mixing, which depends on both enthalpy and
entropy contributions of each component. For most binary poly-
meric blends, the entropy of mixing is small, leaving the enthalpy
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Table 1

Average lifetime of pristine P3HT thin film and various P3HT/PMMA fibrous films.

P3HT concentration (Wt%)  A; A; T1(ns)  T(ns)  Average lifetime (ns)
Pristine P3HT 928 62 0.21 0.95 038
5.00 97.8 6.9 0.23 0.99 0.41
1.00 772 251 0.13 0.84 0.61
0.10 791 224 016 1.03 0.72

factor to be the determinant [33,34]. Unfavorable enthalpy interac-
tion in polymer blend leads to the extent of phase separation of
the blends. Hence, the P3HT-rich domain formation is enhanced in
diameter for high P3HT concentration in P3HT/PMMA blends.

Fig. 3 shows the extinction spectra of pristine P3HT, pristine
PMMA, and P3HT/PMMA fibrous films with different P3HT concen-
trations, such as 0.10, 1.00, and 5.00 wt%. The pristine P3HT thin
film showed the Apmax of extinction spectrum at 560 nm and pro-
nounced 0-0 and 0-1 vibronic band at 600 nm [35,36]. For the ex-
tinction spectra of the P3HT/PMMA fibers, it showed a red shift
from 510 to 560 nm according to the increment of P3HT concentra-
tion. Although the higher P3HT concentration of the P3HT/PMMA
fibers could enhance the absorption behavior, the large diameter of
fiber could cause the decreased sensing area. In addition, the bead
fiber was observed in 10.00 wt% P3HT/PMMA fibrous films due to
the lower viscosity and phase separation (Fig. S1). Hence, we pro-
posed that 5.00 wt% P3HT in the P3HT/PMMA blending solution is
an optimized condition for sensor application. It has the two char-
acteristic bands at 560 and 600 nm for detecting the absorbance of
VOCs.

Fig. 4(a) shows the PL spectra of pristine P3HT thin film and
P3HT/PMMA fibrous films with several P3HT concentrations. The
maximum peak of PL spectra shows a red shift from 590 nm to
700nm in the increment of P3HT addition. The PL signal near
700 nm comes from the P3HT-rich domain, and the results are con-
sistent with the trend of extinction spectra as shown in Fig. 3.
The TRPL via the time-correlated single photon counting is suit-
able to measure the fast charge carrier dynamics of P3HT/PMMA
fibrous film. The fitting TRPL decay curves at 700nm for these
P3HT/PMMA fibrous films and P3HT thin film are shown in Fig.
4(b). The TRPL spectra are analyzed by bi-exponential decay ki-
netics after eliminating the instrument response function. The ob-
tained data can be expressed by the Eq. (1) [37,38].

F(t) :Alexp(—i> +A2exp<—%> (1)

T

The average lifetime was calculated using the following Eq. (2).

t= ZAiTiZ/ ZAiTi (2)

The average PL lifetimes of the P3HT thin film and P3HT/PMMA
fibrous films are shown in Table 1. The PL lifetime of the
P3HT/PMMA fibrous film is decreased from 0.72 ns to 0.41 ns with
increasing P3HT concentration from 0.10wt% to 5.00 wt%. The re-
sults are expected as the domain size of P3HT is increased. The
pristine P3HT thin film shows the similar PL lifetime of 0.38 ns
that is consistent to the literature [32]. The electrons generated
from P3HT domain is confined in the PMMA matrix which exhibits
higher PL intensity and longer lifetime with higher concentration
of PMMA.

At first we defined the sensitivity, Sy, of the P3HT/PMMA fibrous
film according to the intensity of extinction spectra variation at
different wavelength, e.g. 560 nm, 600 nm and 1020 nm, where the
suffix x presents the selected wavelength. The Sx equations of the
P3HT/PMMA fibrous films are shown at below,

S Et 560y — Eo(se0)
560 = — p——
0(560)

(3)

_ Et(600) — Eo(600)

Se600
Eo(600)

(4)

_ Et(1020) — Eo(1020)

S1020
Eo(1020)

(3)
where E,,) is extinction signal without VOCs exposure (i.e., 0 min),
Eyx) is an extinction signal that is recorded with VOCs exposed
time.

The extinction spectra of spin-coated thin film and fibrous film
from 5.00 wt% P3HT in the P3HT/PMMA blending solution is shown
in Fig. 5(a) and (c). We adopted ethanol, acetone, toluene, o-xylene
and chlorobenzene as representing VOCs to test the sensitivity,
respectively. The P3HT/PMMA fibrous film was inserted into an
80.0cm> quartz chamber to experience the simulated VOCs en-
vironment for 2h. The results are shown in Fig. 5(e, g, i, k and
m). Before the fibrous film is exposed to the VOCs, the baseline
of the spectra is not horizontally aligned because the P3HT/PMMA
fibrous film is not a continuous film. The band at 1020 nm is ob-
served in the fibrous film sample when 3D fibrous structure causes
the scattering light. The two bands at 560nm and 600nm are
from the chromophore and molecular arrangement (crystallinity)
of P3HT respectively [36]. Upon VOCs exposure in the quartz
chamber, the VOC softens or swells the fibers that fill air voids
in the fibrous structure. The spectra baseline moves upward and
becomes horizontally aligned, and the 1020nm band disappears.
The extent of changes depends on the behavior of fibrous swelling.
For ethanol (Fig. 5(e)), the baseline is a little upward and the
1020 nm band is reduced due to the fulfilled air voids of 3D fibrous
structure. Similarly, the band of 1020nm is disappeared for ace-
tone (Fig. 5(g)) even PMMA is selectively dissolved and the base-
line is upward a lot. Similar phenomena are observed for toluene
(Fig. 5(i)), o-xylene (Fig. 5(k)) and chlorobenzene (Fig. 5(m)), those
VOCs are good solvent for P3HT/PMMA blends, and the band of
1020 nm deteriorates sharply. These features are thus identified
as the indication of VOC sensing. The plots of sensitivity versus
time of P3HT/PMMA fibrous film exposed to various saturated
VOCs are shown in Fig. 5(b, d, f, h, j, 1 and n). For the blank
tests, P3HT/PMMA thin film (Fig. 5(b)) and 5.00wt% P3HT in the
P3HT/PMMA fibrous film (Fig. 5(d)) shows no noticeable changes.
In Fig. 5(f, h, j and 1), the Ssgp and Sggp exhibit the same trend
for exposure in ethanol, acetone, toluene and o-xylene due to the
VOCs adsorption behavior on P3HT/PMMA sensing material. The
S1020 of ethanol (Fig. 5(f)) shows the equilibrium over 5min. The
S1020 of acetone (Fig. 5(h)) exhibits small decreasing over 20 min
due to the change of fibrous structure. For exposure to toluene
(Fig. 5(j)) and o-xylene (Fig. 5(1)), the Sqgp0 gives the same results.
Especially, the Sigy9 of chlorobenzene (Fig. 5(n)) reveals compli-
cated variation. For the Sygy, the variation is attributed to the mor-
phology change of 3-dimensional P3HT/PMMA fibers, which is con-
firmed by optical microscope study and discussed below (Fig. 6).

Toluene is extensively used as an industrial feedstock and sol-
vent. It was selected to observe the morphology changes of three-
dimensional fibrous film. There is no appearance difference of
P3HT/PMMA fibers that are exposed to saturated vapor pressure
of toluene less than 5min (Fig. 6(a)-(c)). The line of S;py9 plot only
shows a minor upturn (Fig. 5(j)). The minor change in sensitivity
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Fig. 8. Response plots at 600 nm for P3HT/PMMA fibrous films exposed to different VOCs concentrations through time, including (a) water, (b) ethanol, (c) acetone, (d)

toluene, (e) o-xylene and (f) chlorobenzene.

is due to the toluene adsorption and swelling behavior that in-
creased the total volume of P3HT/PMMA. The three-dimensional
P3HT/PMMA fibers started to collapse and form flat ribbons and
belts due to VOCs vapor exposure (i.e., extended absorption and
swelling) over 10 min (Fig. 6(d)). Moreover, the line of Sjpyo plot
shows a decline as shown in Fig. 5(j). The P3HT/PMMA flat ribbons
and belts are totally swelled when saturated toluene vapor is ex-
posed over 20min (Fig. 6(e)-(h)). The line of Sipyo plot is flatted
out (Fig. 5(j)). We speculate that there are three stages involved
in VOC sensing as illustrated in Fig. 7. At the first stage, VOC was
adsorbed on the surface of three-dimensional P3HT/PMMA fibrous
film. At the second stage, the three-dimensional P3HT/PMMA fi-
brous film started to collapse due to polymer relaxation/swelling
in VOC vapor. In the last stage, the collapsed P3HT/PMMA fibrous
structure was continuously adsorbed and swelled by VOC, the scat-
tering effect of three-dimensional structure was disappeared.

For low concentration VOCs sensing, the band intensity at
wavelength of 560 nm and 600nm is an indicator. The reason is
the extinction band at the wavelength of 1020nm only varied
when P3HT/PMMA fibrous film was exposed to the high concentra-
tion of VOCs. Various concentrations of toluene (200-10,000 ppm)
were evaluated. The response (Rsgy and Rgog) are defined as below,

R E¢(s60) — Eo(s60)
560 = ————————

* 100%
Eo(s60)

(6)

R E¢ 600y — Eo(s00)
600 = ————————

* 100%.
Eo600)

(7)

Plots of Rsgg and Rggg versus time are shown in Fig. S2 and
Fig. 8, respectively. The response Rsgg and Rggo of P3HT/PMMA fi-
brous film is significant as the increased VOC concentration. We
define the response time of the fibrous film so that it meets cer-
tain concentration of VOC at the response level of larger than
two times of the sensing error (~0.20%) at specific wavelength
of spectrum. The response time of the P3HT/PMMA fibrous film
exposed to particular VOCs were evaluated and the results were
summarized in Table 2. The response time measured at the wave-
length of 600 nm is usually shorter than the response time mea-
sured at the wavelength of 560nm due to the change of crys-
tallinity of P3HT is larger than the change of chromophore struc-
ture when the film is exposed to VOCs. The response time is
less than 6 min when the VOCs are at 10,000 ppm regardless their
type. The detection limit for ethanol and chlorobenzene is about
2000 ppm, but for acetone, toluene and o-xylene is about 500 ppm.
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Fig. 9. Reversibility tests of P3HT/PMMA fibrous film exposed to different toluene concentration, including (a) 10,000 ppm, (b) 2000 ppm, and (c) 500 ppm. Each sample is
exposed to the toluene with different concentration for 120 min at first.

Table 2
List of response time for P3HT/PMMA fibrous film exposed to various VOCs with different concentrations [25,38].
Type of VOCs Lower explosive limit (ppm)  Detecting wavelength (nm)  Response time (min) at concentration (ppm)
10,000 2000 500 200
Water . 560 N/A N/A N/A  N/A
600 NJA N/A NA NA
Ethanol 33,000 560 4 6 N/A N/A
600 4 6 N/A NJA
Acetone 26,000 560 4 18 50 N/A
600 4 16 50 N/A
Toluene 12,000 560 2 18 24 N/A
600 2 16 24 N/A
o0-Xylene 10,000 560 6 10 10 N/A
600 6 10 10 N/A
Chlorobenzene 18,000 560 6 8 N/A  N/A
600 4 8 N/A  NJ/A
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Actually, the response time for 10,000 ppm toluene is only 2 min.
As expected, the response time is longer for low concentration
of VOCs. For instance, the response time is 16 min and 24 min
for 2000 ppm and 500 ppm toluene respectively. Compared with
our previous study, P3HT/PCBM sensing chip showed longer re-
sponse time (~120min) for 500 ppm toluene detection [25]. The
P3HT/PMMA fibrous film could effectively detect the lower explo-
sive limit (LEL) that is the minimum concentration of a VOC va-
por necessary to support its combustion in air. The LEL of ethanol,
acetone, toluene, o-xylene and chlorobenzene are 33,000, 26,000,
12,000, 10,000 and 18,000 ppm, respectively (Table 2) [25,39]. The
developed P3HT/PMMA fibrous film in this study can achieve the
basis of the instant response to the concentration of explosive
limit. We also measured the reversibility of P3HT/PMMA fibrous
film as shown in Fig. 9. For 10,000 ppm toluene exposure, the max-
imum response declined from 0.81% to 0.67% after three cycles of
response testing. For low concentration toluene exposure, the max-
imum response declined from 0.38% to 0.33% for 2000 ppm toluene
exposure and no decay for 500 ppm toluene exposure after three
cycles of response testing. The results indicate that P3HT/PMMA fi-
brous film is degraded due to the fibrous film exposed to the high
concentration of toluene. For 10,000 ppm of toluene exposure, the
response was returned to the original point after 42 min. For 2000
and 500 ppm of toluene exposure, the response was returned to
the original point after 29 min and 18 min, respectively. For the low
concentration toluene testing, the adsorption/desorption cycles of
toluene showed the acceptable reversibility. For the differences be-
tween the commercialized VOCs sensor and P3HT/PMMA fibrous
film, the commercialized sensor analyzes VOCs by photoioniza-
tion detector (PID). Although PID exhibits the high sensitivity for
detecting aromatic compounds, the signals are affected by mois-
ture easily. In contrast, P3HT/PMMA fibrous film is not affected by
moisture (Fig. 8(a)). Hence, the low-cost P3HT/PMMA fibrous film
developed in the present work extends the current VOCs sensing
technology.

4. Conclusion

The VOCs sensing materials consisted of P3HT/PMMA blend-
ing were prepared successfully by electrospinning process in this
study. A series of VOCs, e.g. ethanol, acetone, toluene, o-xylene and
chlorobenzene were chosen to test the sensitivity of P3HT/PMMA
fibrous film. The P3HT/PMMA fibrous film can effectively detect the
lower explosive limit for VOCs, and it even can achieve the detec-
tion limit of acetone, toluene and o-xylene at 500 ppm. This low-
cost P3HT/PMMA fibrous film developed in the present work ex-
tends the current VOCs sensing technology. It can be extensively
used to protect humans and the environment from VOCs potential
risks.
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