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© The Author(s), under SEM, TEM, FT-IR and TGA analysis were carried out for the characterization of
exclusive licence to Springer PAN/PPy nanofibers and characterization results of PAN/PPy NFs showed that
Science+Business Media, LLC, these nanofibers were morphologically well-arranged and straightforward with a

cylindrical shape with the average fiber diameter of 253.17 + 27 nm. Among all the
gas measurement tests, dichloromethane displayed the highest response values
for PAN/PPy coated QCM sensors. When the reproducibility of kinetic studies
for PAN/PPy NFs coated QCM sensors were examined, the most repetitive results
were obtained by this QCM sensor during dichloromethane investigation and the
diffusion coefficients of VOCs for the first and second regions increased with the
order of xylene < toluene < benzene < carbontetrachloride < chloroform < dichlo-
romethane. The sensitivities of the PAN/PPy nanofibers-coated QCM sensor
against organic vapors are determined between 4.71 and 6.17 (Hz ppm™) x 10™.
As a result, PAN/PPy nanofibers exhibited high sensitivity and selectivity for
VOCs sensor applications, especially for dichloromethane.
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1 Introduction in our homes such as building materials, paints, fur-

niture, cleaning products, and cosmetics, amount of
Due to the industrial developments such as motor  released pollutant gases and volatile organic com-
vehicles, large combustion plant, solvents and petrol ~ pounds (VOCs) are increasing day by day. Studies
evaporation and personal needs, especially utilized = showed that total solvent emissions are 30% higher
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than the estimated values and shows increasing trend
with time [1]. In most cases VOCs are toxic and haz-
ardous, thus, besides causing environmental risks
such as greenhouse effect and air pollution, they lead
to immune system problems such as headaches, sick
building syndrome (SBS), lethargy, etc. [2-8]. Even
though VOCs are known as produced in the outdoor
environment by industrial waste gases, automobile
exhausts, fuel combustions and photochemical pollu-
tions; they take part in our indoor environments by
decoration materials, cleaning agents, combustion of
natural gases, smoking, etc. Therefore, it is necessary
to develop ideal sensing materials in order to sup-
ply the increasing requirement for superior sensing
performance.

Although abundant numbers of studies have pub-
lished on the improvement and fabrication of the
sensing materials, likely inorganic/organic semicon-
ductors, organic conducting polymers received great
attention due to their ability of working even at room
temperature. Their outstanding physical and chemical
properties make them essential candidate for low-cost,
large-scale, lightweight and flexible sensing applica-
tions [9, 10]. Conducting polymers are also appro-
priate for surface modification and biocompatibility
along large surface areas, therefore, they can easily
be adapted into electronic and optoelectronic sens-
ing devices [11, 12]. Since the early 1980s, polyaniline
(PANI), polypyrrole (PPy), polythiophene (PTH) and
polyacrilonitrile (PAN) have been the examples of con-
ductive polymers used within gas sensors as active
layers [13-18]. PPy is obtained by the polymerization
of pyrrole, and thus it is a promising copolymer due
to its easy synthesis and high conductivity. At first,
it was used as components of electronic devices and
chemical sensors. However, due to their easy modi-
fication, functionalization, and stability nowadays it
is an attractive material for sensing industry. With
the gas or vapour adsorption, PPy acts like p-type
semiconductor and the interaction leads to altera-
tion in conductivity [19-21]. The sensing capability
of PPy may be improved depending on its functional
groups [22]. PPy was first proposed as NH; sensor by
when Nylander et al. in 1983 and rapid attention on
polymer gas sensors has been achieved [23]. Lee et al.
proposed an Au-polypyrrole nanorod as gas sensor
for the detection of (VOC)s and they tested with three
types of VOC gases (benzene, toluene, and acetic acid)
over a wide concentration range from 10 to 100 ppm
[24]. The highest sensitivity was achieved for acetic
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acid gas concentration. Kwon et al. constructed a PPy
nanoparticle based chemiresistive sensor and used for
the detection of acetonitrile, acetic acid, and metha-
nol [25]. The sensor showed a minimum LOD which
is close to 50 ppm of methanol. SnO, and ZnO deco-
rated PPy nanocomposites oxides were used to detect
ethanol and methanol, however, sensors didn’t show
high response as ammonia [26]. Additionally, as PPy
is very fragile, it is important to support PPy with sup-
porting composites. In literature, nanotubular PPy and
nanofibrillar PANI sensors were compared for their
detection performances for propanol, butanol, metha-
nol, and ethanol alcohols [27]. Although both sensors
detected the same minimum limit concentration of
alcohols, PANI sensor showed higher responses with
lower response time for all tested alcohols. Besides
these results, the PPy sensor was recovered completely
and showed a reversible which was not the case of the
PANI sensor.

Electrospinning is a simple method that is used
to produce various types of nanomaterials such as
nanospheres and nanofibers (NFs). During the elec-
trospinning process, the voltage is applied between
the needle tip and the collector. At the same time an
ejector causes polymer solution flow with a constant
rate while the charges are collected at the surface of
the solution. When the electrostatic repulsion exceeds
the surface tension, the solution is ejected from a noz-
zle forming a jet. The fibers are formed during dry-
ing and homogenously deposited on the collector [28,
29]. The quality and the morphology of the nanostruc-
tures depend on several parameters such as the type
of polymer, viscosity of the solution, applied voltage,
distance between the tip and the collector etc. And
various nanostructures for different purposes have
been produced by electrospinning method. There-
fore, to our knowledge, no study has been done to
analyse the sensing ability of PAN/PPy NFs that are
electrospun over quartz crystal microbalance (QCM)
sensors with the aim of detecting dichloromethane,
carbon tetrachloride, chloroform, m-xylene, benzene,
and toluene as VOCs.

In our previous study PAN NFs coated over quartz
crystals by electrospinning were investigated for sens-
ing chloroform, dichloromethane and carbon tetra-
chloride [18]. Based on the abovementioned studies,
we aimed to investigate sensing ability of PPy by using
PAN as a supporting copolymer in order to prevent
its fragile behaviour. In addition to this, PAN addi-
tion makes PPy usable in electrospinning process. To
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our knowledge, no study has been done to analyse
the sensing ability and the swelling dynamics” PAN/
PPy NFs QCM chemical sensor. The first report of the
interaction mechanisms between VOCs and PAN/
PPy structure in terms of the binding energies of the
molecules with PAN/PPy unit was also presented in
this work. Constructed PAN/PPy nanofibrous sensors
were been examined for sensing chloroform, dichlo-
romethane, m-xylene, benzene, toluene and carbon
tetrachloride VOCs. The performance of PAN/PPy
nanofibrous sensor is comparable to the performance
of PAN nanofibrous sensor [18] in terms of the diffu-
sion coefficient values when these sensors expose to
three different aliphatic hydrocarbons (dichlorometh-
ane, chloroform and carbon tetrachloride). The diffu-
sion coefficient values of PAN/PPy nanofibrous sensor
for both regions higher than PAN nanofibrous sensor’s
values for these saturated VOCs vapors.

2 Materials and methods
2.1 Materials

The Polyacrylonitrile (PAN) average molecular weight:
150,000 g-mol“1 and CAS number: 25014-41-9 was used
as supporting copolymer. The polypyrrole (PPy) with
conductivity > 0.005 S/cm and solvent N,N-dimethyl-
formamide (DMF) was purchased from Merck Sigma-
Aldrich to produce PAN/PPy electrospun NFs.

2.2 Fabrication of PAN/PPy nanofibers

In every electrospinning process, 8% weight ratio of
PAN/PPy were first solubilized in 5 ml DMF to form
electrospinning solutions. Initially, PAN was stirred
about 1 h in DMF at 60 °C, and then PPy was inserted
into the initial solution and mixed about 3 days at the
same temperature to achieve the ultimate solution.
PPy ratio in the total polymer was kept as 10 wt%.
The developed solutions were stored into a 5 ml injec-
tor and exposed tol5 kV voltage. Electrospinning sys-
tem consists of 3 parts: syringe pump, power supply
and collector. During this experiment, high voltage is
applied to the polymer solution in the syringe from
the power source via the electrode connected to the tip
of the syringe. The applied voltage was kept at 15 kV,
the distance between the collector and electrode was
kept 25 cm and the flow rate of the solution was kept
1.5 pl/h. The electrospinning process was carried out
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at room temperature (20 °C). The Al foil was used to
wrap collector and the electrospinning process com-
pleted in 2 h for each sample. QCMs were fixed on Al
foil by sticking with tape and covered with PAN/PPy
NFs during the electrospinning process. The illustra-
tion of the experimental system is presented in Fig. 1.

2.3 Characterization of the electrospun PAN/
PPy NFs

Scanning electron microscopy (SEM, FEI QUANTA
250 FEG) and Transmission electron microscopy
(TEM, FEI-Tecnai G2 F30) were utilized to analyse the
morphology and the width of the PAN/PPy NFs were
investigated from SEM images.

Fourier-Transform Infrared Spectroscopy (FT-IR,
Perkin Elmer) was utilized for structural characteriza-
tion of the PAN/PPy NFs to specify the types of chemi-
cal bonds and intermolecular interactions through
nanofibers. FT-IR spectra were carried out with a scan
range between 4000 and 450 cm ™.

The thermal properties of PAN/PPy NFs were char-
acterized by thermogravimetric analysis (TGA, Hitachi
STA 7300) in the temperature range of 25-600 °C in the
N, ambient at a heating rate of 10 °C /min.

2.4 QCM technique

Quartz crystal microbalance (QCM) platforms are
preferable to be used for chemical sensors as they offer
fast, simple handling, reliable and compact transducer
elements. QCM measurements were carried with
designed oscillating circuit for real-time detection that
operating at desired temperature with the solid sub-
strate of quartz crystal. The time dependent oscillat-
ing frequency was measured and stored through com-
puter-controlled software system that is compatible
with the quartz crystal. Using this system, the adsorp-
tion—desorption kinetics of VOCs through the thin film
surface were recorded as a function of frequency shift.
During the investigations, thin film coated sensors
were subjected to periodic organic vapour exposures
and the desorption of this molecules were ensured by
the initiation of dry air. This procedure was carried
out with the organic vapor introduced at four different
concentrations, the volume of which is varied between
1.25 and 5 mL (25%, 50%, 75%, and 100%), into the
gas cell. This measurement was repeated at least three
cycles in order to monitor the repeatability of the fab-
ricated sensor.
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Fig. 1 The synthesis of PAN/PPy nanofibers by electrospinning method

2.5 Computational methodology

The binding energy calculations were considered to
analyse the interaction between PAN/PPy polymers
and selected VOCs by means of density functional
theory (DFT) based ab-initio calculations. In order to
describe the electron-exchange and correlation, the
Perdew-Burke-Ernzerhof (PBE) [30] form of general-
ized gradient approximation (GGA) was adopted as
implemented in the Vienna ab-initio simulation pack-
age (VASP) [31]. Regarding each ionic step, the conver-
gence criterion for the total energy was set to 107 eV.
In addition, the maximum force on each atom was cho-
sen to be less than 10 eV A™!. The basics of DFT are
summarized and presented in Supplementary Material.

3 Results and discussion

3.1 Morphological characterization results
of the PAN/PPy NFs

In our previous study, PPy concentrations of 10, 25,
and 50 wt% were tried to obtain beadless and regu-
lar PAN/PPy nanofibers and it was indicated that
10 wt% PPy was the appropriate concentration [32].
Therefore, in our study, PAN/PPy NFs containing
10 wt% PPy were chosen to investigate their sensing
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ability. The structure and the width values of elec-
trospun PAN/PPy NFs were characterized by SEM.
The SEM image displayed that as-grown PAN/PPy
NFs were all morphologically well-arranged and
straightforward with a cylindrical shape (Fig. 2.).
Only a few beads were observed on the fibers. The
average diameter of the PAN/PPy nanofibrous sam-
ple was measured as 253.17 + 27 nm and the diam-
eter distribution of the sample was given in Fig. 2d.
In literature, the average fiber diameter for neat
PAN nanofibers were measured as 290 nm [33], the
decrease in fiber diameter with the addition of PPy
resulted in increase in the solution conductivity
which provides thinner nanofiber formation [34].
The TEM image showed that the nanofiber surface
was not as smooth as it appeared in the SEM images,
and the nanofibers were not hollow. The morphol-
ogy, microstructure and size affect directly the sens-
ing performance of gas sensor [35]. Nanofibers are
considered to be very interesting for sensing appli-
cations with their large surface area, high charge
carrier collection and transport in the axial orienta-
tion and the possibility of surface modification [36].
High surface area is suitable for the adsorption of
target gases and allows rapid diffusion of gases spe-
cies, thus increasing the sensor response. Besides,
the nanoscale diameters of electrospun nanofibers
offer many interesting properties such as excellent
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Fig. 2 SEM images of PAN/PPy NFs a 10.000, and b 50.000x magnifications. ¢ TEM image of NFs d diameter distribution of NFs

flexibility in surface functionality and better mechan-
ical properties compared to micro scale materials
[38].

3.2 Structural and thermal characterization
results of the PAN/PPy NFs

The structural properties of PAN/PPy NFs were ana-
lysed with FT-IR spectroscopy (Fig. 3.) The typical
peak of PAN belongs to the C=C, -C=N stretching at
1454, 2240 cm™ were observed in the FT-IR spectra of
the sample. The nitrile groups stretching at 2240 cm™
[38, 39] originated from the existence of PAN and C-H
stretching peaks at 2943 cm™, —-C=O group stretching
around 1735 cm™}, and C=N stretching at 1667 cm’!
[40] were observed for PAN/PPy NFs. The peak at
1061 cm™ corresponded to the C-H.

Based on the TGA graph of PAN/PPy NFs, firstly,
the removal of water leading to the degradation step
was observed in between the temperature interval of
70 and 120 °C. Degradation of pure PAN and pure

PPy generate in two steps which start at about 310 and
500 °C for PAN and at about 210 and 410 °C for PPy
[41]. PPy phase thermally degrades easier than PAN
[42]. In our study, PAN/PPy NFs degradation occurred
between 310 and 500 °C, the same as pure PAN due
to the low concentration of PPy (Fig. 3). At 327 °C,
TGA curve of nanofibers showed 63 wt% weight of
the residue which was associated with cyclization of
nitrile groups in PAN polymer chain. The second stage
started at 327 °C and lasted at 460 °C with decomposi-
tion reaction of PAN and the char yield was about 40
wt%. On further heating at about 600 °C almost con-
stant char yield of 36 wt% was observed [43].

3.3 PAN/PPy nanofibers coated-QCM Gas
Measurements

In this study, the sensitivity of the PAN/PPy nanofi-
brous film coated QCM sensor to six different VOCs
containing aliphatic and aromatic hydrocarbon
groups was observed. Figure 4. Shows the PAN/PPy

@ Springer
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Fig. 3 FT-IR and TGA graphs of PAN/PPy NFs
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Fig. 4 The kinetic results of the PAN/PPy NFs-coated QCM
sensor against to VOCs

nanofibrous film coated sensor exposed to dichlo-
romethane, chloroform, carbon tetrachloride, benzene,
toluene, and m-xylene as VOCs. Similar profiles were
observed when VOCs were introduced into the the
PAN/PPy NFs-coated QCM crystal. In the initial part,
dry air was introduced into the gas cell for 120 s, and
the variation of frequency along this time was found
almost constant, till the VOC molecules are introduced
into the experimental chamber forming the baseline
of the PAN/PPy NFs-coated QCM sensor. Injection
of gases into the gas cell initiates a surface alteration
and accompanying diffusion process along the QCM
sensor and the VOCs. The change in QCM frequency
directly related with the amount of these reactions

@ Springer

J Mater Sci: Mater Electron (2023) 34:1869

100 | (b)

Weight (%)

0 100 200 300 400 500 600
Temperature (°C)

80

dichloromethane

g

)

Frequency shift (Hz)
&

[
=]

0 T T T
0 120 240 360 480 600 720 840

Time (s)

Fig. S Reproducibility of PAN/PPy nanofibers-coated chemical
sensor for dichloromethane

until the equilibrium state is reached. It has been
observed that the values of frequency values were ini-
tially splashed for a few seconds and then decreased
exponentially depending on time till the injection of
dry air molecules into the chamber at 240 s. Conse-
quently, the frequency values of the sensor returned to
the initial baseline as a result of a reversible response
of the PAN/PPy NFs-coated QCM sensor and thus,
its recovery occurred for the following measurement.

For the PAN/PPy NFs coated QCM sensor, among
all six detected vapours, dichloromethane showed
the relatively high response values. Figure 5 displays
the reproducibility of the PAN/PPy NFs coated QCM



] Mater Sci: Mater Electron (2023) 34:1869

dichloromethane

Frequency shift (Hz)

20 A

o

0 +

0 120 240 360 480 600 720 840
Time (s)

960 1080

Fig. 6 The frequency changes of PAN/PPy nanofibers-coated
chemical sensor for dichloromethane at different concentrations

sensor against dichloromethane. As a result of the
reproducibility of kinetic studies for the mass sensitive
sensor, it is obvious that the responses of PAN/PPy
NFs-coated chemical sensor vapour are reproducible
for dichloromethane. At the same time, the PAN/PPy
nanofibers-coated chemical sensor is exposed to differ-
ent concentrations of dichloromethane vapour and it is
indicated that the frequency change increased with the
increasing concentration as function of time (Fig. 6).
The concentration values of organic vapor (see Table 1)
in ppm are calculated by the formula as follows [44]:

pV (22.4 Lmol~1)10°
€= MV,

1)

where ¢ (ppm) is the concentration of vapor, o (g cm™)
is the density of vapor, V (mL) is the volume of vapor

Table 1 The concentration values of organic vapors
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which is injected into the gas chamber, M (g mol™) is
the vapor molecular weight, and V is the volume of
the gas chamber (~0.02 L). The vapor volume values
are used in this study in the following order: 25% for
V=125mL, 50% for V=2.5mL, 75% for V=3.75 mL,
and 100% for V=5 mL

The sensitivity of PAN/PPy nanofibers coated-
QCM sensor was obtained from the frequency shift
curves when exposed to organic vapors in Fig. S1.
The approximate curve was created from these fre-
quency shifts. Frequency shifts versus concentrations
of all organic vapors were obtained and given in
Fig. S1. The sensitivities of the PAN/PPy nanofibers-
coated chemical sensor against organic vapors are
obtained for dichloromethane, chloroform, carbon
tetrachloride, benzene, toluene and m-xylene, as
6.17, 5.75, 5.59, 4.96, 4.91, and 4.71 (Hz ppm™) x 107,
respectively. In this study, the rise time was defined
as the time taken by the sensor to achieve 90% of the
maximum frequency shift (Af,,,) in the case of gas
adsorption [45, 46]. When surface adsorption effect
took place, a sudden increase can be seen in Af. Simi-
larly, the decay time was defined as the time taken
by the sensor response to reduce to 10% of its Af,,,
value in the case of gas desorption. The values of
the rise and the decay times for PAN/PPy NFs QCM
chemical sensor against to all VOCs were determined
using Fig. 52 and presented in Table 2.

3.4 The calculation of diffusion coefficients
for organic vapours

In order to calculate the diffusion coefficient values
of organic vapours at saturation concentration, Fick’s

Organic vapors p(gem™) M (gmol™") ¢ (25%)x10° ppm ¢ (50%)x 10° ppm ¢ (75%)x 10° ppm ¢
(100%) x 10° ppm

Dichloromethane 1.326 84.93 21.85 43.71 65.57 87.43
Chloroform 1.483 119.38 17.39 34.78 52.17 69.56
Carbon tetrachloride 1.594 153.82 14.47 28.94 43.41 57.88
Benzene 0.876 78.11 15.70 31.41 47.12 62.83
Toluene 0.870 92.14 13.21 26.43 39.65 52.87
m-xylene 0.869 106.16 11.46 22.93 34.40 45.87

@ Springer



1869 Page 8 of 12

Table 2 The values of the rise and the decay times

Organic vapor tresponse (tise) (5) trecovery
(taecay)
(®)
Dichloromethane 0.88 91.5
Chloroform 0.92 854
Carbon tetrachloride 0.94 86.2
Benzene 0.89 92.2
Toluene 0.78 54.1
Xylene 0.75 42.5

second diffusion law [47] has been applied to clarify
the swelling dynamics of the PAN/PPy NFs based
QCM sensors.

In Fig. 4, the exponential decline of the response of
PAN/PPy NFs coated QCM sensor between 120 and
240 s points out the initiation of the diffusion process
with the entrance of vapour into the gas cell.

In Fig. 7, swelling cycles of the six types of VOCs
were recorded for 120 s is presented with the plot of
normalized reflective intensity versus diffusion time
with the onset of t=0. The diffusion coefficients (D) of
VOCs could be derived by using the advanced Fick’s
diffusion equation from this data as expressed in the
revealed section of the Supplementary Material.

1.0
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Fig. 7 The relation between the normalized kinetic response and

swelling time for vapours
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Fig. 8 The plot of the resonance frequency with the square root
of the swelling time for dichloromethane

The plot of the correlation between the normalized
frequency change and the square root of the swelling
time for dichloromethane is shown in Fig. 8. The sim-
ilar investigations were also carried for chloroform,
carbon tetrachloride, benzene, toluene, xylene and all
VOCs and presented in Figs. S3-58, respectively.

If the slopes of the indicated linear regions are indi-
cated, the swelling diffusion coefficients of the PAN/
PPy NFs may be achieved. The obtained diffusion
coefficient values of investigated vapours are lower
in the second region when compared to initial cycle
indicating the higher amount of diffusion occurring
at the beginning of the swelling cycle that followed by
reduction. The diffusion coefficient values of aliphatic
and aromatic hydrocarbon groups are listed in Table 3
and graphed as a bar chart in Fig. 9.

3.5 Binding of VOCs to PAN/PPy molecules

In order to simulate the PAN/PPy structure, single
unit molecule forming the PAN and that of PPy crys-
tals were taken into account. The unoccupied orbitals
of the C-atoms at the edges of the chain were satu-
rated with H atoms. Firstly, we discuss the interaction
mechanism between the PAN and PPy structures. It is
shown that the PAN and PPy structures tend to inter-
act weakly as the two layers bind via van der Waals
(vdW) forces. The binding energy of PAN and PPy is
calculated to be 484 meV indicating a physical interac-
tion between the two structures (Fig. 10).
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Table 3 The diffusion

. Organic vapor
coefficients (D) calculated for

Molar volume

Dipole

D(em?s Hx 107

D(em? s Hx 1078

” (cm® mol ™) moment (D)  (first region) (second region)
first and second regions
Dichloromethane 64.10 1.60 72.0 10.09
Chloroform 80.70 1.08 69.2 7.67
Carbon tetrachloride 97.10 0 60.8 6.58
Benzene 86.36 0 56.3 6.21
Toluene 107.10 0.36 51.8 5.44
Xylene 122.00 0.30 43.2 4.77

% ¥ second region ™ first region
b
A
g 80
<
a 60
@
E 40
E 20
E 0
&
“
: &
2 )
z &
B <O
=)
A

9,

VOCs

Fig. 9 The diffusion coefficients for all vapours

In order to understand the interaction mechanisms
between VOCs, namely chloroform, dichloromethane,
carbon tetrachloride, toluene, benzene, and xylene,
and PAN/PPy structure are investigated in terms of
the binding energies of the molecules with PAN/PPy
unit. Our results reveal that all of the molecules are
physically adsorbed on PAN/PPy either from PAN or
from PPy sides. The calculated binding energies for

Fig. 10 Unit structures form-
ing the PAN (on the left) and
PPy (middle) crystals. The
ground state structure for the
PAN/PPy structure show-

ing weak vdW interaction
between them

PAN

each VOC molecule on both PAN and PPy side are
presented in Fig. 11.

It is found that all of the VOCs prefer to interact
with the PAN/PPy structure from PAN side except
for the carbon tetrachloride which is adsorbed on
the PPy side with a binding energy of 196 meV.
Similar to the vdW type interaction between PAN
and PPy, VOCs interact via weak vdW forces with
the PAN/PPy structure with binding energies rang-
ing from 196 to 335 meV. Among the Cl-based mol-
ecules, chloroform has the highest binding energy
(334 meV) since of the bonds of C atom is saturated
with H atom which interacts stronger with N atom
of PAN as compared to that of Cl atom. By the simi-
lar argument that H atom of VOCs tends to interact
from the N-site of PAN/PPy, the binding energies of
toluene (335 meV), benzene (297 meV), and xylene
(326 meV) are higher than those of dichloromethane
(286 meV) and carbon tetra chloride (164 meV from
PAN side).

o o

van der Waals

Interaction
Eb= 484 meV

PPy PAN/PPy
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PAN/PPy-Toluene

PAN/PPy-Benzene PAN/PPy-Xylene
o= 0—O0R=

E, =335 meV

Eh; 297 meV Eh= 326 meV

oN H

E, =280 meV

E, =221 meV

E, =221 meV

Fig. 11 The side views of the optimized VOC-PAN/PPy structures with the corresponding binding energies on the two sides, namely

PAN and PPy sides
4 Conclusions

As a new sensing material, PAN/PPy nanofibers gas
sensing properties for the chloroform, dichlorometh-
ane, carbon tetrachloride, benzene, toluene and xylene
gases were investigated by QCM technique. PAN/PPy
nanofibers were successfully deposited on the surface
of QCM via electrospinning method.

For the PAN/PPy NFs coated QCM sensor, among
the detected VOCs, dichloromethane displayed the
highest response values, and these responses are
reproducible. Among the six VOC molecules tested,
the highest diffusion coefficient was obtained for
dichloromethane with the value of 10.09 x 107 and
72.0 x 107® em?s™ for the first and second regions,
respectively. Overall, the PAN/PPy NFs coated QCM
sensor exhibited excellent reversibility and potentially
applied for dichloromethane detection.
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