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Abstract: A Quartz Crystal Microbalance (QCM) sensor coated with a thin film of PANI/MWCNT was used
as a sensitive method for the determination of a number of following vapours: Acetic acid, Chloroform and
Benzene. The detection was based on the absorption of the vapours of these organic compounds into the film
by using gas cell chamber. The detection of these vapours can be obtained in part per million {(ppm). The
research includes the use of PANI/MWCNT films with different thickness (44, 62 and 92) nm where thickness
of the PANI/MWCNT films was controlled by the spmn coating process. Results show that increasing of
sensitivity with increase of the concentration of injected analyte when the PANI/MWCNTfilm-coated QCM
was exposed to the vapours of Acetic acid, Chloroform and Benzene. Best sensitivity to Chloroform and
Benzene were obtained with film thicknesses 62 nm while mn the case of Acetic acid best results were obtamed

with thickness of 92 nm.
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INTRODUCTION
‘What A device that receives and
responds to a stimulus or signal. A sensor measure real
world conditions, such as heat, gases, light and then
converts this condition into analogue or digital
representation of data, eg, QCM Quartz Crystal
Microbalance and MOS Metal Osxade
Semiconductor sensors (Sauerbrey, 1959, Mecea, 2005).

is a sensor:

Sensors

QCM-Quartz Crystal Microbalance sensors: The typical
structure of a QCM sensor 18 shown in the Fig. 1. The
quartz has the shape of a disc with the two gold
electrodes on the two opposite surfaces. On top of one of
the metallization an active layer, usually polymeric is
deposed. These sensors are very easy to realize
mexpensive, they work at ambient temperature, so they,
do not require a heating structure have a quite good
resolution. Nevertheless the stability of the polymers is in
general lower than that of metal oxides and these sensors
suffers of aging as shown mn Fig. 1a, b (Mecea, 2005).

In AC signal is applied between the electrodes
resulting in a shear deformation wave across the
crystal. Due to the piezoelectric properties of the quartz,
it can be electrically excited into a number of resonant
modes with maximum displacement occurring at the

crystal faces, the property of maximum displacement at the
crystal faces in the Thickness Shear Mode (TSM)
makes this mode of excitation extremely sensitive to
surface mass accumulation (Ballatine et al, 1997,
Narumi et al., 2009).

In a generic QCM based measurement system the
quartz sensors are placed in oscillator circuits. The value
of the quartz resonance frequency depends both on the
characteristics of the crystal and on those of the sensitive
layer.The crystal has a characteristic
frequency, usually in the MHz range whereas the film

resonance

deposition on the bulk causes a shuft of the resonance
frequency up to a few hundreds of part per million (ppm)
(Mecea, 2005).

The gas is injected (in most cases with a flow
controlled) directly on the sensitive layer surface. When
the gas gets mto contact with the layer, the molecules are
sorbed in the sensitive film. This fact causes a mass
variation of the sensor and consequently a shift of the
resonance frequency. An estimate of the imtial gas
concentration 1s the result of the measure of this
frequency shift (Narumi ef al., 2009).

Thus, the response of the coated QCM sensors is
based on the different sorption and diffusion
characteristics of the individual compounds in the
polymeric coating. Different compounds take different
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Fig. 2: Transient sensor response of a QCM sensor to 5 different gas mixtures

times to reach steady-state in the polymer (Hussien and
Shinen, 2013). The response of typically QCM is shown
in Fig. 1-3 (Hu et al., 2009).

Hence, the selectivity of these sensors can be
unproved by measuring also the dynamic characteristics.
This can be achieved by an electronic system able to track
the transient behavior. In this context our activity
research 1s related to the measurement and the study of
the transient response of QCM sensors (Sauerbrey,
1959).

The chemical structure and physical properties of
polymeric coatings and the nature of interaction between
polymer coatings and vapour molecules determine the
selectivity, sensitivity, signal kinetics and reversibility of
the sensors (McGill et al., 2000).

Conducting polymers such as Polyaniline (PANT),
polypyrrole  and polythiophene have been widely
investigated as effective materials for chemical sensors
(Shinen et al., 2014).

The advantages of conducting polymers compared to
inorganic materials used until now are their diversity, their
easy synthesis and particularly, their sensitivity at room
temperature (Wang et al., 2006). Furthermore, conducting
polymers have good mechanical properties which
allow a facile fabrication of sensors. As a result, more
and more attentions have been paid to the sensors
fabricated from conducting polymers and a lot of related
articles were published, for example, polyaniline was
found to be a better choice for gases such as
ammonia because of its higher semsitivity, reversible
response andshorter response time (Wang ef al., 2006).
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Fig. 3: FTIR for pure polyamline

studied the sensitivity, short-term reproducibility, stability
and response time properties of ZnO nanowires-modified
quartz crystal as a gas-detecting sensor. Shinen et al.
(2014) used Quartz Crystal Microbalance (QCM) sensor,
coated with a thin film of polyaniline HEmeraldine Base
(EB) as a sensitive method for the determination of a
mumber of aliphatic chlorinated hydrocarbons such as
carbon tetrachloride, chloroform, dichleromethane, 1, 2-
dichloroethane vapours. Polyaniline-modified Quartz
Crystal Microbalance (QCM) sensor was obtained
through immobilizing the polyaniline film on the silver
electrode surface of quartz crystal resonator by an
electrochemical method and the sensor was studied for
detecting the formic acid gas of different concentrations
(Yan et al., 2012; Shinen et al., 2016) and a lot of related
articles were published, for example, polyaniline was
found to be a better choice for gases such as ethanol,
propancl, hexane and benzene because of its higher
sensitivity, reversible response and shorter response time
(Hussien and Shinen, 2013). The aim of the present
research was to employ different thickness PANI film
coated QCM as a sensor for the following vapours: acetic
acid, chloroform and benzene.

MATERIALS AND METHODS

Synthesis of polyaniline: Polyaniline is prepared to take
the 6 mmol of aniline in 30 ml of hydrochloric acid
concentration 1 M and placed on electromagnetic stirrer
for 1 h and then cooled to a temperature of -5°C for 2 h.
After that another solution 1s prepared consisting of 6
added

mmol of ammomum peroxidisulphate and

mechanism 30 mL of hydrochloric acid concentration 1 M
and placed on board for a period of 1 h. Then two
solutions are mixed well gradual for 2 h to precipitate
urinary polyaniline. Then added a very small amount of
sodium hydroxide concentration 1 Murlara into the mix to
precipitate minutes polycarbonate polyaniline. Then the
solution 1s washed with distilled water a number of times
and then with ethanol and then dried product for a day by
a rarefied drying under pressure when the temperature 1s
freezing after getting urinary polyanline (Pawar et af.,
2009).

Synthesis of thin film: Different thickness of
PANI/MWCNT films were deposited on both sides
of Quartz Crystal Microbalance (QCM) by using
spin-coating. PANT films obtained were (44, 62 and 92) nm
and thickness measurements were achieved by using
ellipsometry. Gas cell chamber (controlled by software)
was used to measwre the sensitivity of QCM when
exposed to different analysts of ofAcetic acid, Chloroform
and benzene. The QUM was exposed to air after the
absorption of each analyte. The backshift of the crystal
frequency to its initial value was taken as an indication of
full desorption. All measurements were carried out at room
temperature. Sensitivity is defined as the ability of a
sensor to produce a signal when low concentrations of a
target analyte are present. The larger the signal, the more
sensitive a sensor is. The sensitivity of a sensing material
15 defined as the concentration of analytesorbed onto the
sensing material divided by the total concentration of the
analyte (Stewart, 2011).
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QCM sensing membranes and film deposition method:
For making the QCM to work as a chemical sensors 1t is
coated with a membrane suitable for the target analyze for
which it 1s planned to do. Spin coating method 13 selected
and used in our process, among different methods that
can be used for coating such as spray coating, spin
coating and Langmuir Blodgett. Spin coating method is
selected on the basis of the easy accessibility of the user
in the research and the equipments and the apparatus
which are available in the laboratory (Hussien and
Shinen, 2013).

It 1s umportant to notice the physical structure of the
QCM. Tt should be clean without any defects to the gold
discs of the QCM, there should not be any poor contact
between the electrodes and the quartz which can be easily
seen by the human eyes. All crystals were rmsed with
thoroughly using acetone and dried with a stream of pure
nitrogen before the mitial measurement of the uncoated
QCM is taken. To keep the QCM without any damage, it
15 handled with lugh care, users wear gloves, they use
tweezers and puckers to operate the QCM in the process
to avoid and damage contamination. All this process 1s
carried out in a well clean room with a good atmosphere
(Shinen ef al., 2016)

RESULTS AND DISCUSSION

FTIR: Figure 3 illustrates the frequency of the bonds of
effective aggregates sites for pure polyaniline film. The
emergence of a summit in the (3153.61 cm™), this indicates
the presence of C-H Aromatic is an important feature of
the reference to the polyaniline, the emergence of values
between (1487-1566.20 cm™) these values back to the

presence of Yle group C = C Aromatic ringed in the
polyamline. When vacecination with carbon nano-tube as
in Fig. 4 are seeing the emergence of value at 3210 cm’
and this 1s clear evidence of a C-H aromatic attributable to
polyaniline this corresponds to approximately the same
value that appeared when you reference the value of
which (3153.61 cm™) as in Fig. 2. The emergence of value
at (2958.80 cm™) this returned to CH, in carbon nanotubes
as referred to in the basic material as in Fig. 3, the
emergence of value at 2027.94 cm™ returning to Yle group
CH, in carbon nanotubes and also, the emergence of
value at (2779.42 cm™) returning  stretchable (CH) in
carbon nanotubes, he emergence of values between
{11635.64- 1486 cm™) evidence of a C = C aromatic
attributable to polyaniline.

These results indicated to the presence of each of the
polyaniline and carbon nano-tube which indicates to their
presence together.

XRD: Figure 6 which represents the X-ray diffraction of
pure polyaniline, appears broad summit at (250) which
shows that the poly Amline 1s (Amorphous) while Fig. 7
represents X-ray diffraction of the poly-aniline doped by
Carbon nanotubes with ratio 1% where notes the
appearance of two peaks at (5°-30°). An angle (5°)shows
the diffraction for the parallel levels in the polymeric
chain an angle (30° ) shows the diffraction of the levels
orthogonal.

AFM: The results of the tests (AFM) of the nano films for
pure (PANTD) and doped with different ratio of (MWCNTS)
films which prepared by spin coating which showed a
uniform granular surface morphology as n Fig. 8 and 9.
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Fig. 9. AFM images of PANI/ MWCNTS for (a) 2-D and (b) 3-D

Where we note that the roughness mcreased with
increasing the ratio of doped. As well The Root Mean
Sequare (RMS) increased with mcreasing of ratio of
doped, the average grain diameter also It exhibits the same

PANI/MWOCNT chams coating and vapor 1s a physical
absorption through a dipole/dipole interaction or
hydrogen bonding. The presence of hydrogen attached
to an electronegative nitrogen in all of the polymers

behavior. This 1s consistent with the findings of the allows for hydrogen bonding (Stewart, 2011). Figure 10
researchers (Abdullah et al., 2015; Ziadan and Tnayvh, shows increasing of sensitivity with increase of the
2016). concentration of injected analyte of Acetic acid. The

QCM sensor: Figure 10-12 show an mmcrease and decrease
in sensitivity according to the amount of vapor injected
(5-10 p) of the three nano thin film of PANI/MWCNT
coated QCM was exposed to the vapours of Acetic
acid, Chloroform and Benzene. This 1s expected, since,
when more vapor molecules are provided in the test
atmosphere, more molecules would be absorbed into the
PANI/MWCNT coating on the QCM. After each addition
of vapor concentration, the frequency of the crystal was
back shifted to its initial value by drying the electrode
using air which indicates full desorption of vapor from the
electrode surface. This behaviour confirms that the
sensing interaction between the immne and amine sites of

increase in resistivity of the sensor on exposure to Acetic
acid 15 thought to be caused by an nteraction via
dipole/dipole moment of Acetic acid molecules and the
nitrogen atoms of PANI/MWCNT, leading to the
hindrance mn conformational rearrangements of the
macromoelecules that mmpedes electron delocalization
and charge transport through the polymer chain
(Narumi et al., 2009). Best sensitivity was obtained
with film thicknesses 62 nm at ligh and low
concentration of Acetic acid. Se, it 13 found that the
PANI/MWOCNT thickness would affect the sensitivity
of the sensor. This can be assigned to the increased
active sites of the PANI/MWCNT as the film
thickness increases. Therefore, PANI/MWCNT of 62
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Fig. 11: Sensitivity of QCM Coated with different thickness of PANI/MWCNT exposed to chloroform: a) 44 nm; b) 62

nm and ¢) 92 nm

nm considered suitable thickness to create active sites
and but Acetic acid molecules only physically absorb on
the PANIMWCNT surface. On the other hand it was
found that thickness of 44 and 92 nm gave low sensitivity
at high and low concentration to Acetic acid shown
m Fig. 10 due to poor physically absorb on the
PANI/MWCNT surface.

Figure 11 illustrates the effect of PANI/MWCNT film
thickness on sensitivity of QCM with increase of the
concentration of mjected analyte of Chloroform. Also, it
can be seen that with increase in analyte concentration
the sensitivity increases which could be attributed to
the nteraction via. dipole/dipole moment of Chloroform

molecules molecules and the mtrogen atoms of
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Fig. 12: Sensitivity of QCM Coated with different thickness of PANI/MWCNT exposed to Benzene: a) 44 nm ; b) 62 nm

and ¢) 92 nm

PANIMWCNT. As shown in Fig. 11, best results were
obtained with thickness of 62 and 44 nm. By comparison
Fig. 10 and 11, it can be seen that QCM with
PANI/MWCNT film of thickness 62 mm has more
sensitivity to  Chloroform  because more physical
absorptiontake place. This is because low molecular
weight alcohols vapors decrease the conductivity of the
PANI/MWCNT faster than higher molecular weight
alcohols. These results are in agreement with the
literature. For example, Sauerbrey (1959), Ballantine ef al.
(1997), Hussien and Shinen (2013) observed a much
slower response for ethanol vapor when compared to
methanol vapor. It was mterpreted that the electrons in
the PANI were much more tightly bound in the presence
of the low molecular weight alcohol.

Figure 12 demonstrates behavior of QCM towards
increase of the concentration of injected analyte of
Benzene 1s non-polar molecular. This would then indicate
that polarity is not the only factor ingenerating a
response on the  nancsensors (Yan et al., 2012).
Elucidation of the exact mechamsms would require
extensive research with a variety of substances and
possible  development of  structure activity
relationships. Also, it can be seen that best sensitivity to
Benzene was obtamned with PANIMWCNT film

thicknesses 62 mm.

CONCLUSION

The summarized results from this research are the
following:

¢« Tt is found through a study that these polymers
possess random nstallation

¢  The addition of carbon nano-tube does not change
the installation of the polymer but are attending
together

¢ All films are uniform granular surface morphology
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