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Abstract--- Individual poly(methyl methacrylate)/ MWCNT doped with
sulfuric acid were polymerized in situ to yield individual nanotubes
with increased electrical conductivity. In the presence of aliphatic
alcohol vapors of various diameters, the Nanocomposites were
measured as a function of time. These sensor responses are
particularly rapid due to the huge surface to volume ratio, consistent
diameter, and limited amount of active material employed in the
design. Individual nanotube sensors demonstrate actual saturation
when exposed to and removed from the detecting gas. In addition, a
chemical sensing system was created employing a nanocomposite film
in both air and vapor alcohol gas. When exposed to alcohol, the
surface reaction was immediate, with virtually total current recovery
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after pumping out the alcohol, making it a reusable sensor with
rectifying behaviour.

Keywords---poly methyl methacrylate, PMMA, nanocomposites,
chemiresistive sensors, multiwalled carbon naotubes.

Introduction

A slew of recent research have focused on the use of nanomaterials to many
medical fields, spawning a new field known as nanomedicine. It includes
employing nanomaterials to diagnose, treat, cure, and prevent illnesses, as well as
dealing with traumatic damage, pain relief, and preserving/improving human
health. Natural and manmade polymer nanocomposites have a significant
position among nano materials. An organic polymer matrix and mineral, organic,
or metallic nanofiller make up these. The properties of polymer nanocomposites
are determined by the components' characteristics as well as the polymer-
nanofiller interaction. Polymer nanocomposites provide new prospects for
antibacterial treatment, tissue engineering, cancer therapy, medical imaging,
dental uses, drug administration, and other applications in contemporary
medicine.

To successfully avoid any widespread loss of life and property, rapid detection of
minute quantities of dangerous gases in an insufficiently ventilated environment
is crucial. This necessitates sensors that can detect minute amounts of gas, such
as those made from nanocomposites with a high surface-to-volume ratio. For a
number of reasons, intrinsically organic conducting polymers (ICPs) are
particularly well suited for use as gas sensors. The oxidation/reduction states of
these polymers, in particular, may be reversibly modified by exposing them to
basic/acidic environments, resulting in a shift in conductivity of many orders of
magnitude [1] with no polymer degradation, extending the lifespan of sensors
based on these polymers. Furthermore, ICPs are inexpensive and simple to make
in large quantities, are reasonably stable in ambient settings, and may be easily
processed into films. Individual poly(methyl methacrylate) (PMMA) and
Mulltiwalled carbon nanotube (MWCNT) and PMMA/MWCNT nanocomposites
were utilised to sense a range of alcohols with response times that were quicker
than sensors produced from thin films of the same material [2,3]. The compact
size and possibility for better sensitivity of a nanocomposite film chemical sensor
are advantages.

The PMMA/MWCNT sensors were more resilient than the other conducting
polymer nano nanocomposite sensors and could be utilised numerous times for
sensing various aliphatic groups. After using the PMMA-MWCNT sensors in any
gas, the response was lowered, therefore it was recommended to utilise a new
sensor for various gas detecting. The possibility to fabricate lengthy
nanocomposites of conducting polymers by chemical method with a high aspect
ratio and even bigger surface to volume ratio makes this technology particularly
appealing for application in the construction of film, low power consumption, and
fast response gas sensors. As a result, multifunctional film may be produced,
increasing their versatility. Intrinsically conducting polymers (ICPs) with a large
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range of conductivity (10-5-103 S/cm) have fascinating optical and mechanical
features in addition to metallic conductivity. As a result, these conducting
polymers might be employed to replace inorganic sensing materials. The
flexibility, tailorability, adaptability, low weight, and chemical stability of
conducting polymers over inorganic materials are all significant benefits.

Materials and Method

The MWCNTs were utilised as obtained from Aldrich (purity 95%, diameter 10-15
nm, length 0.1-10 m, density 1.7-2.1g/cm3, batch 05225JA). Prior to usage, Meta
aminophenol (Merck, India) was distilled at low pressure. Without additional
purification, reagent grade ammonium persulfate, hydrochloric acid, sulphuric
and nitric acid (Merck, India) were employed. The synthesis and washing were
done with deionized water.

PMMA-MWCNT nanocomposites synthesis and film casting

The MWCNTs dispersed aqueous 0.6 (M) NaOH medium was used to create PMMA
-MWCNT nanocomposites with varied weight percentages of MWCNTs (viz. 1, 2, 3,
4, and 5wt percent) using ammonium persulfate oxidant, as previously described
[5]. MWCNTs were first disseminated well in 50 mL of aqueous 0.6 (M) NaOH
solution using a continuous probe ultrasonication for 10-15 minutes. By
aggressively magnetic stirring, the m-aminophenol monomer (3.27 g, 10 mmol)
was dissolved in MWCNTSs dispersed aqueous NaOH medium in a two-necked
round bottom flask (RB). Freshly made ammonium persulfate (10.27 g, 15 mmol)
solution in water (25 ml) was added to the aforementioned mixture one at a time
and left to react for 8-10 hours at room temperature with continual stirring. The
deep brown precipitate of PMMA-MWCNTs nanocomposites was filtered and
washed vigorously with 4 (M) HCI followed by deionized water until the pH of the
filtrate became neutral in order to eliminate unreacted monomers, by-products, or
oligomers.

The blackish brown product was then dried for 7-8 hours in a vacuum thermal
chamber at 70-80°C. T11, T31, and T51 are the designations for PMMA-MWCNT
nanocomposites containing 1, 3, and 5 wt percent MWCNTSs, respectively. Sulfuric
acid [1:1] doping improves the conductivity properties of T11, T31, and T51. By
stirring, the 0.7-0.8 g PMMA-MWCNT powder was dissolved in 10-15 ml DMSO
and put onto a well-clean flat glass petridish with a diameter of 10 cm. The
petridish was then put in a vacuum thermal chamber for 7-8 hours at 80-90°C. A
blackish coating produced once the solvent was completely evaporated. The film
was dipped 5/6 times alternatively in deionized water and acetone to remove
retained DMSO. The film was properly dried in a vacuum oven and characterised
in a vacuum desiccator.

Characterization of PMMA -MWCNT nanocomposites

Table 1 shows the compositions, crude yields, intrinsic viscosities, and DC-
conductivities of PMMA-MWCNT nanocomposites produced using the procedure
described in the preceding section. The temperature rises with time during the
synthesis of nanocomposites, similar to the polymerization of MMA, and reaches a
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maximum of 80-90°C in 3-4 minutes in the case of all nanocomposites. The
MWCNT does not appear to interfere with the extremely quick polymerization
process. The intrinsic viscosity [n] of the PMMA and PMMA-MWCNT
nanocomposites was calculated using a plot of specific viscosity/concentration
(nsp/C) vs polymer concentration at infinite dilution to compare polymer chain
growth.

All of the samples had straight line graphs that followed Huggins' equation. The
inherent viscosity and % yield of PMMA and PMMA-MWCNT nanocomposites are
similar (Table 1). As a result, the polymer chain development is nearly identical in
all nanocomposites. The nanocomposite containing 5 wt % MWCNT had the
greatest inherent viscosity as well as percent yields (Table 1). This was most likely
owing to better directed polymerization for better MWCNT-PMMA interaction,
which resulted in less oligomer than previous nanocomposites. In DMSO and
DMF, all of the samples are very soluble. Nanocomposites, like PMMA, are soluble
in concentrated aqueous basic solution. It is feasible to cast films from DMF or
DMSO solutions. The above observations confirm the nanocomposites have
similar solubility and film forming properties like PMMA and therefore MWCNT
don’t have any adverse effect on the properties of the polymer.

Table 1
Compositions, crude yields, intrinsic viscosities, and DC-conductivities for the
synthesized samples

Sample % wt MWCNT % yields [n] (dL/g) 0 x108 (S/cm)
PMMA 0 86.4 0.127 <10+

PC1 1 87.0 0.05 2.71

PC2 2 84.0 0.16 13.32

PC3 3 83.0 0.09 2.93

PC4 4 87.2 0.08 3.33

PC5 5 85.6 0.08 4.30

Figure 1 shows the UV-VIS spectra of PMMA and PMMA-MWCNT nanocomposites
doped with sulfuric acid [1:1] to determine the interaction between the MWCNT
and the PMMA matrix. The absorption unit of pure PMMA is showed only one
characteristic peaks at ~ 340 nm for m - " transitions [6]. However, this
characteristic absorption maximum for 1 — " transitions are observed very week
or vanished in the spectra of PMMA-MWCNT nanocomposites. The additional
absorption peak of n-i* becomes prominent in the PMMA -MWCNT
nanocomposites at around 280nm is expected to arise from the charge unit
between nonbonding electron of PMMA associated with —OH or —N- moieties and
MWCNTs [7,8]. Furthermore, the peak's saturation is maximum for T51, i.e., the
nanocomposite with 5% MWCNT concentration, indicating the best or most
efficient charge transfer between PMMA and MWCNTs.

As a result, UV-VIS spectrum measurements show that charge transfer
interactions between the PMMA layer and MWCNTs in the produced PMMA-
MWCNT nanocomposites cause induced doping. The UV-VIS spectra of the
monomer and MWCNT combination in the reaction media may be used to validate
the formation of such a charge transfer complex before polymerization. The donor
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—O- or loan pair on —-N- of MMA is firmly coupled with the acceptor MWCNT in
aqueous NaOH medium via significant charge transfer. The red shift of transition
maxima in UV-VIS spectra for PMMA in NaOH medium at 340 nm to 350 nm for
doping in sulfuric acid PMMA /MWCNT in NaOH media confirms this.
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— T31
— T41
0.6 —T51
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Fig 1. UV -VIS diagram of doping sulphuric acid nanocomposite C = N cm-!

Figure 2 shows the FTIR spectra of PMMA and PMMA-MWCNT nanocomposites.
Figure 2 shows that the produced PMMA/MWCNT doping in sulfuric acid
nanocomposites has similar peak locations associated with the PMMA structure
in the 2200-400 cm ! range. The significant bands between 1600 and 1520 cm! in
this area are typical stretching bands of the ¢ =N quinoid and benzenoid
structures, respectively. The charge delocalization across the polymeric backbone
causes the strong absorption band about 1220 cm™! (C-N stretching) [5]. When
compared to PMMA, the widening powerful peak at that location in the
nanocomposite shows the substantial charge delocalization over the polymeric
backbone caused by MWCNT inclusion. PMMA and PMMA -MWCNTs have quite
distinct peak positions in the 4000-2000 cm-! range.

For all nanocomposite samples, the wide stretching band of aromatic C-H,
hydrogen bonded -OH, and —-NH- groups for PMMA at 3490, 3322, 3121 cml is
displaced to 3300, 2900, 2400 cm-!, respectively. The significant charge transfer
interactions between the -conjugated surfaces of MWCNT and the -OH and -N-
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moieties of PMMA in their composites can be attributed to this [6,7]. The
enlargement of the characteristic peak owing to interaction of MWCNT with the
phenoxide ion of monomer in basic media [1] predicts substantial charge transfer
through free —OH groups.
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Fig 2. FTIR diagram of doping sulphuric acid nanocomposite wt% of MWCNT

Figure 3 depicts SEM micrographs of PMMA-MWCNT nanocomposites, whereas
Figure 4 depicts a dark field TEM picture of T11, T31, and T51 nanocomposites.
The high specific surface area of nanotubes affords a large number of sorption
sites for PMMA monomer, which can polymerize to create a coating over the
nanotubes. PMMA chains coiled the MWCNT tubes exist as beads at low MWCNT
concentrations (Figure 3). This is due to the strong attachment of PMMA to the
MWCNT surface in basic polymerization media, as well as the catalytic impact of
the MWCNT surface. This is because the electron acceptor MWCNT and the
electron donor -O- and lone pair on -N- of PMMA monomer in basic
polymerization media produce a weak charge transfer complex [8]. This produces
a PMMA-coated MWCNT bead, which causes exclusive surface polymerization [9].
Because of the high surface free energy, the aggregation propensity of nanotubes
increases with increasing nanotube concentration, the size of the bead steadily
increases with increasing MWCNT weight %. The average diameters of the
nanotubes are improved by Snm when the MWCNT weight percentage is increased
from 1 to 5%, as demonstrated in the TEM micrograph (Figure 4). The size
difference in TS1 with 5% MWCNT is likely owing to less PMMA coating on
MWCNT because to the high concentration of MWCNT. As a result, it is envisaged
that e induced doping by charge transfer interactions between the PMMA layer
and the MWCNTSs will be strongest for T51 [10-12].



Figure 4. TEM micrographs of PMMA -MWCNT nanocomposites at 20nm scale (a)
T11 (b) T31 (c¢) TS1

Characterization of MWCNTs/PMMA nanocomposites doped in sulfuric acid

The process for making PMMA-MWCNT nanocomposites was discussed in the
preceding section. Table 1 shows the weight % of MWCNT, crude yields, and
intrinsic viscosities. The temperature rises with time during the synthesis of
nanocomposites, similar to the polymerization of MMA, and reaches a maximum
of 90-950C in 5-8 minutes in the case of all nanocomposites. The MWCNT does
not appear to interfere with the extremely quick polymerization process. The
intrinsic viscosity [n] of the PMMA and PMMA -MWCNT nanocomposites was
calculated using a plot of specific viscosity/concentration (nsp/C) vs polymer
concentration at infinite dilution to compare polymer chain growth. All of the
samples had straight line graphs that followed Huggins' equation. The inherent
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viscosity and percent yield of PMMA and PMMA -fMWCNT nanocomposites are
similar (Table 2).

As a result, the polymer chain development is nearly identical in all
nanocomposites. This was likely due to better directed polymerization, which
resulted in less oligomer than previous nanocomposites, allowing for greater
interaction between sulfuric acid MWCNT doping and PMMA. In DMSO and DMF,
all of the samples are very soluble. Nanocomposites, like PMMA, are soluble in
concentrated aqueous basic solution. It is feasible to cast films from DMF or
DMSO solutions. The foregoing findings show that nanocomposites have similar
solubility and film-forming capabilities to PMMA, indicating that f -MWCNT has
no negative impact on polymerization.

Table 2
For the synthesised samples, the weight % of MWCNT, crude yields, intrinsic
viscosities, and DC-conductivities were calculated

Sample | % wt MWCNT % yields [n] (dL/g)
PMMA 0 84.4 0.1927
T11 1 75.0 0.10

T31 3 84.0 0.13

T51 5 74.6 0.09

FTIR analysis was used to investigate the structural changes in carbon nanotubes
following surface treatment. In compared to the spectrum of pristine, the spectra
of fMWCNT revealed additional absorption bands at 1727, 1182, and 1025 cm-1,
as seen in Figure 2.

Properties: Mechanism for aliphatic alcohol vapor sensing

The detecting capabilities of the alcohol vapor sensing features of PMMA/Mwcnt
for 500 ppm quantities of ethanol vapor in air was investigated in this study.
During alcohol sensing, the resistivity of the polymer nanocomposite film falls and
becomes constant saturation, whereas the resistivity of the polymer increases
during alcohol changing from an adsorbed state on a surface to a gaseous or
liquid state by air. However, because of the alcohol vapor absorption process, the
crystallinity of the polymer reduces. The —OH groups of Ethanol molecules arrive
to hydrogen bonded with the phenolic -OH group present in the polymer
molecule. The hydrogen bonding a weak electron contribution effect occurs
through the —-OH group to the polymer chain and finally the electron flow
throughout the polymer chain increases. The hydrogen bonding of alcohol
molecules with =NH* - groups is difficult due to the presence of bulky S0O42-
counter ions of sulfuric acid dopant.

The PMMA/MWCNTT nanocomposites sensor, on the other hand, has a steady
baseline (PANI) and better responses to alcohol vapors at all concentrations
beyond that. The MWCNT interacts well with conjugated PMMA chains, paving
the way for strong dipole interactions with the analyte molecule. Because of the
interaction between conjugated polymer and MWCNT, the inherent electrical
characteristics of MWCNT improved by PMMA play a key role in increasing
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alcohol sensing performance. The resistance of the nanocomposite sensor is
reduced due to electron delocalization and charge transfer via the PMMA. In the
absence of alcohol, the usual responses of the PMMA /MWCNT (1-5 wt%) sensor
air exposures. After three cycles of repeated exposure and removal of alcohol
vapor, the nanocomposite sensor demonstrated high repeatability and
reversibility.

The PMMA/MWCNT sensor's methanol& ethanol sensitivity is clearly improved
when MWCNT concentrations rise. Because there are more interactions sites
inside the nanocomposites sensor for alcohol detection, greater MWCNT
concentrations result in more alcohol absorptions. Because of the synergetic
effects between each component, these nanocomposite may be employed
efficiently for alcohol sensing. Excellent sensitivity and selectivity to alcohol gas
were achieved thanks to the good combination and synergetic behaviour of both
components, which also improved the sensing response to nanocomposites.

—— T1 E 3rd cycle at room temp.
—— T1 E 2nd cycle at room temp.
—— T1 E 1st cycle at room temp.
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Fig 5 a. Sensing reproducibility of thelwt% MWCNT-contained PMMA /MWCNT
nanocomposite to 500 ppm at room temperature Ethanol
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FigSb. Sensing reproducibility of the 3wt% MWCNT-contained PMMA /MWCNT
nanocomposite to 500 ppm at room temp Ethanol
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Fig 5c. Sensing reproducibility of the Swt% MWCNT-contained PMMA /MWCNT
nanocomposite to 500 ppm at room temp. Ethanol

Conclusion

A conducting polymer nanocomposite using MWCNT as a nanofiller was used to
create a temperature sensor. The effects of MWCNT content (in the range of 1-5
wt%) on electrical resistance were thoroughly explored. At 3wt % MWCNT
concentration, the resistance rises with the addition of alcohal. Physical,
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chemical, and biological sensing applications may be possible using room-
temperature produced p-doped PMMA —-MWCNT nanocomposites [13-15].

In the presence of DMSO, PANi derivatives of PMMA-MWCNT nanocomposites
were effectively produced. DMSO is used to boost the solubility of 2-aminophenol
monomer, as well as to promote the dispersion of MWCNTs and as PMMA
counterions. The homogeneous coating of PMMA —-MWCNTs is confirmed by SEM
images. This class of nanocomposites is thought to contribute to making point-of-
care systems more inexpensive by leveraging the low cost and extrinsic (dopant-
and redox-dependent) electrical characteristics of the PMMA -MWCNT. However,
because the given sensing material is sensitive to environmental conditions like
temperature, humidity, and stress, a designer must consider a variety of
compensating strategies to reduce undesired sensor responses.
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