CHAPTER IV
POLY(P-PHENYLENE VINYLENE)/ZEOLITE Y COMPOSITES AS A
KETONE VAPORS SENSOR: EFFECT OF ALKALINE CATIONS

41 Abstract

This work was an attempt to improve the selectivity and sensitivity response
of zeolite Y towards three different types of ketone vapors (acetone, MEK, and
MIBK) known to be toxic and flammable substances. The effects of cation type,
cation concentration, ketone vapor type, and cyclic interval were investigated. Three
different cations were exchanged in zeolite Y at 50% mole: NaY; 50KNaY;
50MgNaY; and 50CaNaY for the zeolite Y at fixed Si/Al ratio of 5.1. 50KNaY
sample exhibited the highest electrical conductivity sensitivity. This arises from the
electrostatic interaction between the cation and the zeolite framework, which affected
the adsorption properties of zeolite. The dPPV was mixed with 80KNaY matrix at
10% v/v and was exposed to three different ketone vapors. The highest electrical
conductivity sensitivity belonged to the acetone exposure, whereas the MIBK
exposure showed the lowest value, as a result of the smaller acetone size. The
sensitivity of the composite was higher than that of pure zeolite Y by an order
magnitude. For the cyclic interval, the electrical conductivity response decreased
with increasing number of the interval due to the interaction between the active site
and ketone vapors. The response of samples was irreversible as evidenced by FTIR.

Keywords: Poly(p-Phenylene Vinylene), 2-Propanone (Acetone), Butan-2-one
(MEK), 4-Methylpentan-2-one (MIBK), and Zeolite Y

4.2 Introduction

The development of gas sensing materials with selectivity and reliability for
volatile organic compounds (VOCs) detection has been of interest in many industrial
process controls to control the pollution. Many industrial processes such as utilized
ketone group solvents: acetone (2-propanone); MEK “butan-2-one); MIBK (4-
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methylpenta-2-one); xylene; toluene; and alcohol (methanol, ethanol, and propanol)
which are  own to be flammable, toxic, and harmful to human (Heeger et al., 1998;
Jung et (//, 2008; Tang et al., 2008; Vijaya et al., 2008; Mori etal, 2009; Gao et al.,
2011).

One of the possible sensor modes is the electrical conductivity response
when exposed to volatile organic compounds vapors human (Heeger et al., 1998;
Ruangchuay et al., 2004; Montserral et al., 2007; Jung et al., 2008;  annatong et al.,
2008: Tang et al.,, 2008: Vijaya et al., 2008; Benvenho et al., 2009; Li et al., 2009;
Mori et al., 2009; Thongchai et al., 2009; Gao et al., 2011). Various types of material
are used as gas sensors: conductive polymers (Jung et al., 2008; Benvenho et al,,
2009; Li et al., 2009); porous materials (Jalkane et al., 2010; Chang et al., 2011): and
metal oxides (Chang et al.,, 2010; Hung et al., 2012). Zeolites are porous material
which has been widely used as a gas sensing material such as faujasite (zeolite x and
zeolite Y), ZSM-5, and mordenite (MOR). Zeolite has a high thermal stability, good
chemical resistance, high porosity, high surface area, and good selective and
adsorption properties towards particular gases and vapors. These characteristic
properties of zeolite have been explored and utilized towards gas sensing (Gao et al.,
2011; Yang et al., 2007; Li et al.,, 2010; Varsani et al., 2011; Yimlamai et al., 2011).
However, the electrical conductivity of zeolite is rather low. There have been several
methods to improve the electrical conductivity and the electrical conductivity
sensitivity properties of zeolite such as the ion exchange process, the reduction in the
Al content in the zeolite structure, and the blending with other conductive polymers
(Gao et al., 2011; Ruangchuay et al.. 2004; Ruangchuay et al., 2008; Thongchai et
al.. 2009). The alkaline and alkaline earth cations are the one of the factors control
the electrical conductivity and the adsorption properties. Recently, the exchange
process and the mixing of a conductive polymer into a zeolite matrix has been
attempted to improve of electrical conductivity of zeolite as a sensing materials to
detect toxic gases (Ahlskog et al., 1997, Heeger et al., 1998; Ruangchuay et al.,
2004; Montserral et al., 2007; Thuwachaosoan et al., 2007; Jung et al., 2008;
Wamiatong et al., 2008; Tang et al., 2008; Vijaya et al., 2008; Benvenho et al., 2009;
Li et al., 2009; Mori et al.. 2009; Thongchai et al., 2009; Kamonsawas et al., 2010;
Gao et al., 2011).
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Poly(p-phenlene vinylene) (PPV) is the one of conductive polymers that has
been widely used in gas sensing applications because it has high electrical
conductivity after doping with sulfuric acid, good mechanical properties, good
chemical stability, and is easy to synthesize (wessling et al., 1968; McKeen et al,,
2009). Doped PPV or dPPV may have a positive or negative response depending on
the electrophilic or nucleophilic nature of the gases or chemical vapors. But PPV
itself generally has poor selective and adsorption properties towards particular gases
and chemical vapors. Therefore, combining the good characteristics of zeolite and
the conductive polymer is expected to improve the selective, adsorptive, and
electrical conductivity properties by mixing the conductive PPV into the zeolite
matrix (Thuwachaosoan et al., 2007; Jalkane et al., 2010).

In this work, the effects of the cation type and the cation concentration of
zeolite Y, at the fixed Si/Al ratio of 5.1, on the electrical conductivity sensitivity
towards an acetone vapor are investigated. Then, the electrical conductivity response
of the dPPV and zeolite Y composite towards the three different types of ketone
vapor sensors (acetone. MEK, and MIBK) are also investigated.

4.3 Experimental

4.3.1 Materials Preparation
4.3.1.1 Synthesis ofPoly(p-phenylene vinylene) or PPV and Doping
Process
PPV was chemically synthesized with a. -dichloro-p-xylene
(Aldrich) and  tetrahydrothiophene ~ (Aldrich) to  form a  p-xylene-
bis(tetrahydrothiophenium chloride) monomer. The sodium hydroxide induced the
polymerization of the p-xylene-bis(tetrahydrothiophenium chloride) monomer to
form a precursor polymer and PPV was essentially obtained by heating the precursor
polymer under vacuum at 180 °c for 6 h (Wessling et al., 1968). The doping process
occurred after adding the 18 M sulfuric acid solution at the mole ratio of 1:100 (PPV
repeating uints and sulfuric acid) to the polymer powder. The process was monitored
by observing the change of polymer color from bright yellow to black brown
(Wessling et al., 1968).



63

4.3.1.2 The Cation Exchange Process

The zeolite Y (Si/Al=5.1 and Na+) or NaY was purchased
from Zeolyst. The NaY with different cation types were obtained by an ion exchange
process. The solution of MgCh, CaCf), and KC'l at 1.0 M was added in to 5 grams of
NaY and strired at 25 °c for 24 h to prepare zeolite Y (Si/Al=5.1, 50% mole of Na+,
and 50% mole of Mg2t) or 50MgNaY, zeolite Y (Si/Al=5.1, 50% mole ofNa+, and
50% mole of Ca2+) or 50CaNaY. zeolite Y (Si/Al=5.1. 70% mole of Na+, and 30%
mole of K+) or 30KNaY, zeolite Y (Si/Al=5.1. 50% mole of Na+, and 50% mole of
K+) or 50KNaY, and zeolite Y (Si/Al=5.1, 20% mole of Na+, and 80% mole of K+)
or 80KNaY. Then zeolite samples were filtered and washed with DI-water for 5
times (Scott et al., 2003; Li et cil, 2010).

4.3.1.3 Preparation ofdPPVJZeolilte Y Pellet
The zeolite Y: NaY; 50MgNqjY; 50CaNaY; 30KNaY;
50KNaY; and 80KNaY at the same Si/Al ratio (5.1) were used as the matrices. The
dPPV zeolite Y composites were prepared by a dry random mixing the zeolite Y
with dPPV particles at 10% v/v of dPPV. The composites were compressed into a
disc form by using a hydraulic press at the pressure of 6 kN.

4.3.2 Characterization of ppv. dPPV and Composite

An FT-IR spectrometer (Inclolet, model FRA 106/S) was used to
characterize functional groups of PPV, dPPV, and the interaction between the ketone
vapors and the active site on the gas sensing materials. A scanning electron
microscope (SEM. Hitachi, model S4800) was used to study the morphology of PPV,
dPPV, zeolite Y. the 10% v/v of dPPV on the composites or dPPV_[90]80KNaY,
and the dispersion of the conductive polymer particles in zeolite Y, at the
magnifications of 1000x and 5000x and at 5 and 10 kV. The surface area analysis
(Sorptomatic-1990) was used to measure the pore'sizes and the surface areas of the
zeolite Y. The amount of cation was determined by an atomic adsorption
spectrophotometer (Varian, Spectra A300). A custom made two-point probe with a
linear geometric array and connected with a voltage supplier (Keithley, 6517A) was
used to measure the specific electrical conductivity.
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4.3.3 Electrical Conductivity and Chemical Vapor Detection

The electrical conductivity values of the gas sensing pellets under
exposures to air, N2, and chemical vapors were measured by using the custom made
two-point probe, in the chemical chamber connected to a voltage supplier (Keithley,
6517A) in which its voltage was varied and the resultant of current was measured.
The electrical conductivity was calculated by utilizing the equation 4.1,

a = (I/KVt) 4.1
where | is the measured current (A), Vis the applied voltage (V), tis the thickness,
and K is the geometric correction factor of the two-point probe, as determined by
calibrating the probe with a silicon wafer possessing a known resistivity value.

For the chemical vapor detection, the chemicals were used in this
work were acetone, MEK, and MIBK (Labscan, AR grade). All of ketone vapors
were prepared through a flow system at the vapor concentration of 30000 ppm (3%
v/v) in N2. Nitrogen (N2, TIG) was used as the surface cleaning gas and to vaporize
the chemical solvents. All chemicals were used without further purifications. The
detection system is as shown in Figure 4.1. For the cyclic interval investigation, the
measurement is 1200 sec for each cyclic interval. And each cyclic internal was
evacuated of air and moisture by using a vacuum pump until steady state was
obtained. N2 gas was injected into the chamber and the steady state electrical
conductivity was recorded as GN2hefore exposure: Then chamber was evacuated before
injecting the chemical vapor into the chamber. The ketone vapor was injected into
the chamber and the steady state electrical conductivity was recorded as Clehamied vapor-
The ketone vapor was removed by the vacuum pump and N2 was injetced into the
chamber, and the electrical conductivity was measured as GNe, dfter equsure- The
electrical conductivity response and sensitivity of the composites were determined by
following the equation 4.2 and 4.3.

Ac ~ “chemical vapor * ftN.. before exposure 4.2

Sensitivity —A0 16 N2 before exposure 43
Ao is the difference in the specific electrical conductivity (S/cm). where ON, before
exposure is the specific electrical conductivity in N2 before exposure (S/cm), and
ftchemical vapor is the specific electrical conductivity under chemical vapor exposure
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(S/em) (Soontomworajit et al., 2007; Thuwachaosoan et al., 2007; Kamonsawas et
al.,, 2010).

4.4 Results and Discussion

4.4.1 Characterization of dPPV, Zeolite Y and Composites

The main analytical data and the electrical conductivity data in air
and N2 of dPPV. zeolite Y with different cations but the same Si/Al ratio (5.1). and
the composites are tabulated in Table 4.1. The molecular structures of acetone. MEK
and MIBK are shown in Figure 4.2. The SEM morphology of dPPV, 80KNaY, and
dPPV _[90]80KNaY are shown in Figure 4.3.

The cage size of zeolite Y (Si/Al=5.1 and Na+) or NaY is 1.3 nm and
connected with a 0.74 mil window ((Florian et al., 1994). Figure 2 shows the
molecular structure of three different types of ketone: acetone (2a), MEK (2b), and
MIBK (2c) with length scales of 0.524 nm. 0.677 nm, and 0.828 nm, respectively. It
is anticipated that the acetone and MEK molecules can penetrate to the zeolite Y
framework. However, the MIBK molecule is larger than the zeolite Y cage, and it is
not expected to penetrate into the zeolite Y cage (Florian et al., 1994; Li et al., 2010).

The amounts of K+, Mg2+, and Ca2+ ion exchanged with Na+ in the
zeolite Y were determined by an atomic adsorption spectrophotometer in terms of
percentage mole of cation. The %mole of cation exchange is defined as the ratio of
K+, Mg2+ and Ca2t divided by the sum of the moles of the cation and Na+multiplied
by 100 (Soontomworajit et al.. 2007) For the NaY ion exchanged with K+, the mole
percentages are 30. 56. and 81 for the ion exchange times of 3, 12, and 24 h,
respectively. For the NaY exchanged with Mg2+ and Ca2+, the mole percentages are
53 and 56 for the ion exchange time of 24 h, as listed in Table 4.1.

Figures 4.3a and 4.3b show the SEM monographs of dPPV or doped
dPPV, zeolite Y (Si/AI=5.1, K+and Na®) or 80KNaY particles, at the magnification
of 1000x, and at 5 kV; they appear to be moderately uniform in shape and sizes. A
nearly uniform dispersion of dPPV particles within the zeolite Y matrix pellet and
powder can be observed in Figures 4.3c and 4.3d (Ahlskog et al., 1997
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Thuwachaosoan et al., 2007; Wannatong et al., 2008; Thongchai et al.. 2009;
Kamonsawas et al., 2010).

The electrical conductivity values of 50KNaY, NaY, 50CaNaY, and
50MgNaY and under Ni condition are 1.06 x10'%3 + 2.27 x10'04 s/cm, 8.38 x10'm +
2.27 x10'05 Slem, 7.69 x10'04 £ 3.70 x10'06 s/cm, and 3.73 x10'm4 £ 3.71 x10'06 s/cm,
respectively, as tabulated in Table 4.1. For the effects of cation type, the electrical
conductivity of 50MgNayY is lower than NaY. 50CaNaY, and 50KNaY, respectively.
This is because of the EN of Mg2+(1.31) is higher than Ca2t (1.00), Na+(0.93), and
K+(0.82). The large value of electronegativity and.the small size of charge balancing
jon lead to reduced proton mobility in the zeolite Y framework (Florian et al., 1994;
Auerbach et al., 2003; Li et al., 2010; Yimlamai et al., 2011). The electrical
conductivity of dPPV in N2 condition is 2.21 xI0'02t 6.21 xI0'04 s/cm. When mixing
dPPV in the 80KNaY matrix, the electrical conductivity increases up to 5.86 xI0'e &
2.27 x10'® S/cm. Thus, dPPV has been shown to improve the electrical conductivity
of zeolite Y by an order of pure 80KNaY (Thuwachaosoan et al., 2007; Thongchai et
al., 2009). The electrical conductivity sensitivity of dPPV, 50MgNaY, NaY,
50CaNaY, 50KNaY, and dPPV _[90]80KNaY pellets exposed to three different types
of ketone vapor is shown and discussed next.

4.4.2 The Response of Zeolite Y at the Cyclic Interval of 1200 sec
4.4.2.1 The Effect ofCation Type

Zeolite Y (Si/Al=5.1 and Na+) or NaY ion exchanged with
Mg2+, Ca2+, and K+50% mole are investigated for the effect of cation types and the
cyclic response at the cyclic interval of 1200 sec towards the 3% v/v acetone vapor in
N:. Figure 4.4 shows the plot of electrical conductivity sensitivity of 50MgNaY,
50CaNaY, NaY, and 50KNaY versus cation radius (A) and electronegativity (EN)
towards the acetone vapor at concentration of 3% v/v in N2. The electrical
conductivity sensitivity values in the 1ginterval of 50MgNaY, 50CaNaY, NaY, and
50KNaY are 1.97 xIO'or £ 5.06 xIO'03 2.57 xI(Tar £ 2.40 x10°03 2.65 x10'01 + 1.89
x10'02, and 3.42 xI0'ar £ 4.67 xIO'04 respectively, as tabulated in Table 4.2. The
electrical conductivity sensitivity increase with increasing of cationic radius and

decreasing electronegativity (EN), because the large cationic radius corresponds to
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the reduced electrostatic interaction between the cation and the zeolite framework,
resulting in the cation ability to transfer to another cage or the increase in proton
mobility (Florian et al; 1994; Auerbach et al; 2003; Kamonsawas et al; 2010; Li et
al; 2010; Yimlamai et al; 2011). The cationic radius of K+ (151 A) is larger than
Na" (1.16 A), Ca2+ (1.14 A), and Mg2+ (0.71 A), respectively. Therefore, 50KNaY
shows the highest electrical conductivity sensitivity value than those of NaY,
50CaNaY, and 50MgNaY when exposed acetone vapor at a concentration of 3% v/v
in N2,

4.4.2.2 The Effect ofCation Concentration

The effect of the cation concentration in zeolite Y after ion
exchanged with containing 0, 30, 50, and 80% mole of K" on the electrical
conductivity sensitivity towards the acetone vapor at 3% v/v in N2 is investigated and
shown in Figure 4.5. The electrical conductivity sensitivity values of NaY, 30KNaY,
50KNaY. and 80KNaY in the 1¢ interval response are 2.65 x10'0t+ 1.89 x10'(02, 2.78
X100t £ 4.22 XI0'03, 3.42 x!0'01t 4.67 xIO‘U4 and 4.26 xI001 £ 1.25 xIO'» as K+
concentration in NaY increases from 0, 30, 50, and 80% mole of K+, respectively.
The electrical conductivity sensitivity value increases increasing percentage of K+in
the NaY because of K+ has a smaller electronegativity (EN) value than Na+ which
leads to the increase in the proton mobility and the ability to interact with acetone
vapor more easier. Thus, increasing potassium cation concentration in NaY and
exposing to acetone vapor, results in the interaction between active site on the zeolite
Y and acetone vapor to become more favorable. For the next interval, the electrical
conductivity decreases hecause the interaction is not reversible and thus the reduced
the proton mobility (Biaglow et al; 1993; Florian et al; 1994; Fameth et al; 1995;
Jian et al; 1998; Panov et al; 1998; Boekfa et al; 2010; Yimlamai et al; 2011). In
this present work, 80KNaY is used to study the effects of dPPV and solvent types
next.

4.4.3 The Response of dPPV 901801KNaY towards Ketone Vapors
DPPV was mixed into the 80KNaY at 80% mole of K+ cation making
up the 80KNaY matrix with 10% v/v of dPPV or dPPV_[90]80KNaY. The electrical



conductivity sensitivity values of the dPPV, dPPV [90]80KNaY and 80KNaY
towards the acetone vapor at 3% v/v in the 1 cyclic interval are 4.50 + 9.88 x10'0L,
4,13 £ 7.09 x10'02 and 4.26 x10'0r £ 1.25 xIO 04, respectively, as shown in Figure 4.6
and Table 4.2. The highest electrical conductivity sensitivity toward the acetone
vapor is dPPV because dPPV has a conjugated double bond which leads to induce
the electron transfer along the conductive polymer molecule, resulting in the increase
in the electrical conductivity sensitivity towards the acetone vapor ( essling et al,,
1968; Thuwachaosoan et al., 2007: Thongchai et al.. 2009). However, 80KNaY can
only transfer protons in the zeolite framework, resulting in lower electrical
conductivity than dPPV or other conductive polymers (Biaglow et al., 1993; Florian
et al., 1994; Fameth et al., 1995; Jian et al., 1998; Panov et al., 1998; Boekfa et al.,
2010). Thus, mixing the dPPV in 80KNaY lead's to an increase in the electrical
conductivity sensitivity by an order magnitude of 80KNaY (Thuwachaosoan et al.,
2007; Thongchai et al., 2009). The effect of ketone vapor type is shown and
investigated next. Figure 4.6 shows the electrical conductivity response of
dPPV_[90]80KNaY exposed to the acetone. MEK, and MIBK vapors, respectively.
The electrical conductivity of dPPV [90]80KNaY in the 1 interval response
increases significantly when exposed to acetone vapor in comparison with the
exposures to the MEK and MIBK vapors. The electrical conductivity sensitivity of
dPPV_ [90]80KNaY towards acetone, MEK, and MIBK are 4.13 + 7.09 xIO*(2 2.17
1+ 9.55 x10'02 and 1.01 £ 1.03 xI0'(2, respectively, as shown in Figure 4.6. The larger
response in the 1d interval of dPPV_[90]80KNaY and higher sensitivity value occur
towards acetone vapor than MEK and MIBK, respectively. The acetone (0.524 lira)
is of a smaller molecular size than MEK (0.667 lira) and MIBK (0.828 lira), resulting
In easier penetrate ion in the zeolite framework as compare to MEK and MIBK.
Thus, the interaction between dPPV_[90]80KNaY is more favorable when exposed
to acetone than in MEK and MIBK. Similar results are obtained in the following
interval (2nd 3rd and 4thinterval), but the electrical conductivity is lower than the
previous interval, as shown in Figure 4.9 (Biaglow et al., 1993; Hoost et al., 1996;
Ahlskog et al.. 1997; Panov et al., 1998; Thuwachaosoan et al., 2007;  annatong et
al, 2008; Thongchai et al., 2009; Kamonsawas et al., 2010; Li et al,, 2010;
Yimlamai et al., 2011).
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4.4.4 The Effect of Cyclic Interval

The 50KNaY, NaY, 50CaNaY, and 50MgNaY samples are used to
investigate the effect of cyclic interval time when exposed to acetone vapor at
concentration of 3% v/v in Na- The electrical conductivity sensitivity values of
50KNaY in the 1st 2nd 3rd and 4thinterval are 3.42x|10'0Lt 4.67 xI0'04, 2.09 xI0'(t
6.27 x10'04, 1.81 xIO'or £ 6.12 x10'04, and 1.28 x10'01 £ 9.12 xIO'04. respectively, as
shown in Figure 4.7a (top) and tabulated in Table 4.2. The electrical conductivity
sensitivity decreases with an increasing number of cyclic interval because of the
interactions from the previous interval are not reversible leading to a reduced number
of active sites and proton mobility with zeolite Y. Similar results are obtained in the
other cations as well (NaY, 50CaNaY, and 50MgNaY) (Biaglow et al., 1993; Florian
etal, 1994; Panov et al.. 1998; Yimlamai et al., 2011 ).

The cyclic interval of dPPV _[90]80KNaY towards three different
ketone vapors (acetone, MEK, and MIBK) at a concentration of 3% v/v in N2 is
investigated next. The electrical conductivity sensitivity of dPPV _[90]80KNaY
towards the acetone vapor at the 1st 2nd 3rd and 4thare 4.13 £ 7.09 xI0'02 1.43 &
161 x10'02 9.10 xIO'or + 6.98 xI0'03, and 5.27 xI0'01 £ 2.68x10"°3, respectively, as
shown in Figure 4.7b (bottom) and listed in Table 4.2. The electrical conductivity
sensitivity decreases with increasing numbers of cyclic intervals. The interaction is
not completely reversible for SOKNaY, and the interaction between dPPV and
acetone vapor is an irreversible one. Thus, mixing the 10% v/v of dPPV in 80KNaY
matrix leads to the irreversible interaction of the composite system and reduced
active sites for the next interval (Thuwachaosoan et al, 2007; Thongchai et al, 2009;
Yimlamai et (/, 2011). Similar results are obtained in the MEK and MIBK
exposures.

445 FTIR Investigations of Reactions of Adsorbed Acetone Vapor
The interaction between zeolite Y and the ketone vapor is discussed
from FTIR spectrum. The FTIR spectra of 80KNaY and dPPV_[90]80KNaY were
taken in the 650-4000 cm'1regions (Figures 4.8 and 4.9). The spectra were collected
before (a), during exposure (1st interval) (), during exposure (2nd interval) (c),
during exposure (3rdinterval) (d), and after the acetone exposure (e).
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Figure 4.8 shows the FTIR spectra of 80KNaY before (4.8a), during
acetone exposure 15 min interval (4.8b), and after the acetone exposure (4.8e).
Before acetone exposure, the adsorption of the Si-OH group (v =3630 ¢cm']) can be
assigned to the zeolite characteristics (Biaglow et ai, 1993; Panov et ai, 1998; Li et
ai, 2010; Yimlamai et ai, 2011). The peaks at 790 and 1010 cm'1 are the
characteristics of the tetrahedral unit (Panov et ai, 1998). A peak at 1640 cm'1is the
OH stretching which suggests the possibility of water in the zeolite structure
(Soontomworajit et ai, 2007; Wannatong et ai, 2008; Li et ai, 2010; Yimlamai et
ai, 2011). During acetone exposure, the spectrum shows new peaks at 3420, 1715,
and 1210 ¢cm'L the former can be assigned to the interaction between oxygen on the
carbonyl group and the potassium cation in the zeolite framework, as shown in
Figure 10a. The new peak at 3420 cm'1is assigned to the interaction between oxygen
on the carbonyl group and hydrogen in the zeolite (Florian et ai, 1994; Panov et ai,
1998; Hoost et ai, 1996; Boekfa et ai, 2010; Lietai, 2010; Yimlamai et ai, 2011),
After exposure to acetone in the 2nd and 3ld intervals, the interaction between the
active sites and acetone molecule diminishes. Moreover, the responses in the 2rdand
3rd intervals are lower than the 1¢ interval, because the interaction is not reversible,
This confirms that there are some residue interactions remaining between the acetone
and 80KNaY from the previous interval, resulting in lower electrical conductivity
response towards acetone in the next intervals. When replaced with nitrogen (4.8e),
the IR spectrum peaks at 3420 and 1210 cm"1 evidently decrease; this also confirms
that the interaction between acetone and the 80KNaY is not reversible, suggesting
the irreversible responses to acetone under repeated exposures (Soontomworajit et
ai, 2007; Thuwachaosoan et ai. 2007; Kamonsawas et ai, 2010; Li et al., 2010;
Yimlamai et ai, 2011).

Figure 4.9 shows the corresponding IR spectra of dPPV_[90]80KNaY.
Before the acetone exposure, the adsorption peak of the quinoid structure, a
characteristic of dPPV, appears at v = 1140 cm'L The characteristics of phenylene
are the peaks at 1520, 2960, and 3022 cm'1 (Wessling et ai, 1968; Thongchai et ai,
2009; Kamonsawas et ai, 2010). The peak at around 3630 cm'1is assigned to the Si-
OH group (Florian etai, 1994; Panov et ai. 1998; Hoost et al., 1996; Li et ai, 2010;
Yimlamai et ai. 2011). During the acetone exposure, in the 1t cycle, the new peaks
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at 3449 and 1210 cm'1 are the interaction between acetone and SOKNaY (Florian et
al, 1994; Panov et al, 1998; Hoost et al, 1996; Li et al, 2010; Yimlamai et al,
2011). The new peak at 1380 cm'1indicates the C-0 stretching; this also suggests an
interaction between acetone and dPPV, as shown in Figure 4.10b. The increase in the
intensity at 1140 cm'1during the acetone exposure is caused by the increase in the
number of the quinoid structure of dPPV (Wessling et al, 1968; Thongchai et al.,
2009; Kamonsawas et al. 2010). After an evacuation and exposures to the acetone
vapor in the 2rd and 3ld intervals, the interaction still remains, causing the lower
electrical conductivity response than the previous interval, a similar result to
SOKNaY. After the acetone exposure, the intensities at 3022, 2960, and 1520 ¢m'1
decrease; these suggesting that acetone may act as a secondary dopant to increase the
number of the quinoid structures in the dPPV chain (Wessling et al, 1968;
Thongchai et al, 2009; Kamonsawas et al, 2010). The interaction is clearly
irreversible.

Figure 4.10a shows the interaction of 80KNaY with acetone vapor.
Acetone is an electron donating molecule which stabilizes the potassium cation in the
SOKNaY structure. Thus, an electron from the acetone can move along the SOKNaY
structure easily and thus the increase in the electrical conductivity when exposed to
acetone vapor (Fameth et al, 1995; Panov et al, 1998; Yimlamai et al, 2011). When
dPPV is mixed with 80KNaY matrix at 10% v/v and exposed to acetone vapor,
acetone acts as an electron donating species for the 80KNaY and dPPV structures as
shown in Figure 4.10b. The lone pair electron from carbonyl of the acetone molecule
stabilizes the cation on the dPPV chain resulting in greater negative charges along
the dPPV molecule, and corresponding to higher electrical conductivity when
exposed to acetone vapor (Thongchai et al, 2009; Kamonsawas et al, 2010).

45 Conclusions

The NaY (Si/Al=5.1) was successfully ion exchanged into KNaY at 30, 50,
and 80% moles of the cation, MgNaY at 50% mole of the cation, and CaNaY at 50%
mole of the cation. These ion exchanged zeolites was used to investigate the effects
of cation type, cation concentration, solvent type, and the cyclic interval on the
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electrical conductivity response towards ketone vapors at 3% v/v in Na. The 50KNaY
sample showed the highest electrical conductivity when compared with NaY,
50C'aNaY, and 50MgNaY towards acetone vapor, due tq the proton mobility in the
zeolite framework. Increasing the cation size in the zeolite framework led to the
reduced electrostatic interaction between the zeolite framework and the cation, and to
the ease in which a proton can transfer. For the effect of cation concentration,
SOKNaY exhibited the highest electrical conductivity, whereas 30KNaY showed the
lowest value which was comparable in magnitude to that of NaY. dPPV was mixed
into the SOKNaY matrix and exposed to three different ketone vapors (acetone,
MEK, and MIBK) at 3% v/v in No. The acetone exposure provided the highest
electrical conductivity sensitivity, whereas MIBK showed the lowest value due to the
ability of the acetone molecule to penetrate into the zeolite framework. Thus, the
electrical conductivity sensitivity was shown to be enhanced by mixing dPPV into
the SOKNaY matrix. For the cyclic interval, the electrical conductivity response
decreased with increasing number of cyclic intervals towards the acetone vapor, due
to the irreversible interaction between the zeolite and the acetone vapor. The
irréversible interactions between the active site and the ketone vapors were
irreversible as evidenced by the FTIR spectrum.
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Figure 4.1 Schematic diagram of detection system.
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Figure 4.2 The molecular structures of: (a) Propanone (acetone); (b) Buta-2-one
(MEK); and (c) 4-Methylpentan-2-one (MIBK).
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Figure 43 The morphology of dPPV  powder, SOKNaY powders and,
dPPV_[90]80KNaY pellet and powder at 10% v/v of dPPV: (a) dPPV at the
magnification of 1000x; (b) 80KNaY at the magnification 1000x; (c) dPPV _[90]
80KNaY pellet at the magnification of 5000x; and (d) dPPV _[90] SOKNaY powder
at the magnification of 5000x.
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Figure 4.5 Segsitivity of the NaY, SOKNaY, 50KNaY, and 80KNaY in acetone
exposure at 25 C, 1atm, at vapor concentration of 30000 ppm (3% vlv), and at the
interval of 1200 sec.
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Figure 4.6 Sensitivity of the 80KNaY, dPPV _[90]80KNaY, and dPPV in acetone,
MEK. and MIBK exposure at 25 °C, 1 atm. at vapor concentration of 30000 ppm
(3% vlv), and at the interval of 1200 sec.
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Figure 4.7 The cyclic responses of 80KNaY (top) and dPPV[90]80KNaY (bottom)
during acetone exposure at the vapor concentration of 30000 ppm (3% v/v). and at
the interval of 1200 sec.
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Figure 4.9 IR spectra of dPPV_[90]80KNaY: (a) before acetone exposure; (b) acetone
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Table 41 Structural, analytical data and electrical conductivity of dPPV, zeolite Y, and dPPV zeolite Y

Sample

Doped poly(p-phenylene vinylene)

Zeolite Y
(SilAl=5.1and Na')

Zeolite Y
(Si/Al=5.I,Nal and Mg2))

Zeolite Y
(SilAI=5.1, Na', and Ca2)

Zeolite Y
(SilAl=5.1, Na', and K.

10%v/v Doped
poly(p-phenylenevinylene) zeolite Y
(Si/A1=5.1, Na", and K*)

Sample
Code

dPPV

NaY

50MgNayY

SOCaNaY

50KNaY

dPPVI90]
80KNay

Zeolite
Content
(% vlv)

0

100

100

100

100

90

% mole
of cation

100% Na'

53% Mgt
and
47% Na'
55% Ca2
and
45% Na'
56% K*
and
44% Na'
81% K'
and
19% Na'

EN

0.93 (Na")

0.93 (Na¥)
and
131 (Mg2)
0.93 (Na")
and
1.00 (Ca2)
0.93 (Na")
and
0.82 (K"
0.93 (Na")
and
0.82 (K"

lonic Radii
(A)

116 (Na')

1.16 (Na*)
and
0.71 (Mg2)
1.16 (Na*)
and
1.14 (Ca2)
1.16 (Na*)
and
151 (K.J)
1.16 (Na*)
and
151 (K.%)

Median
Pore

Width (A)

7.4875 £
0.34

8.0750 £
0.04

8.0600 £
0.03

7.7820 £
0.39

Surface
Area

(29)

617.0 £ 7.0

530.0£2.0

649.0 + 6.0

553.0 4.0

oair(Sicm)

1.25 X101+ 7.30x10"

2.50x1 03£2.51 x10'5

1.72 X10"+ 3.28 X10'5

2.19x1 0"+ 4.28 X105

5.55 X103+ 5.27x 10

1.12 x10 _I+ 3.58 xI0"2

oN2(S/cm)

2.21 X10'2+ 6.21 X10"4

8.38 xloat2.27 x10'5

3.73 X10**+3.71 x10'6
7.69 x10'4+ 3.70x1 0'6
1.06 x103+£2.27 X104

5.86 X103+ 2.27 xI0'3

0



Table 4.2 Electrical conductivity sensitivity of dPPV, zeolite ,Y, and dPPVzeolite Y exposed to acetone, MEK, and MIBK

Sample

dPPV

NaY
SOMgNaY
SOCaNay

30KNayY

50KNaY

SOKNaY
dPPV_[90]80KNaY
dPPV [90]80KNaY

dPPVJ90]80KNaY

Chemical
Vapor

acetone

acetone
acetone
acetone
acetone
acetone
acetone
acetone
MEK

MIBK

1t Interval

450 + 9.88 xI0'0L

2.65 x104" + 1.89 X1o (2
1.97 x1 0'0L+ 5.06 x10 3
2.57 xI0 °'t 2.40x1 0'(3
2.78 X1001+4.42 X100
3.42 x1001+ 4.67 xIO"M
426 X100L+ 1.25x10 ©
413 + 7.09 X100
217 £ 9,55 X102
101 + 103 X10°2

Electrical Conductivity' Seiisitivity

» |d Interval

2,72 £ 7.72 x10'1

1.68 X100L £ 9.41 xI0"®2
1.21 xI0"0l+ 1.42 X10°
1.63 x10"*'+ 1.37 X10"°2
1.68 xI0 "'t 2.87 xI0 (1
2.09x10 (" £6.27 X100
2.92 X10"01+ 8.28 X10"03
143 + 161 X102
744 X10™ +4.29 X0'\D
571 xI0@L+2.98 X10'®

3,d Interval

1.69 £ 8.23 X10"®

1.46 X10 °'+ 2.75 X10 °3
9.12 x10°2+ 1.72 xIO 04
1.40 X10 °'+ 8.21 xIO'®
1.50 X1001 £ 1.58x1 0'®8
181 X10"'t6.12 X10°4
2.30x10°'t4.40x1 00
9.10 xlo™ £6.98 X108
548 X10°'+ 3.83 xIO@
3.89 X10(L+ 1.82 xI0 @

4 h Interval

1.48 £ 7.92 X102

1.18 xIO01£2.78 xIO B

8.64 x10'2+4.22 x10 @
1.12 x10'0,£ 9.82 xI0 4
1.18 X10°'+ 2.04 x10"3
1.28x10°'+9.12x1 04
1.30 xI0'0L £ 1.63 x10'33
5.27 xI0*"'t 2.68 xI0"3
475 X10"'+ 1.10x1 0@

244 xI0"W+3.16 xIO'®
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