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Students usually use volatile organic solvent in laboratorys such as alcohols, carboxylic acids,

aldehydes, ketones, etc. It will injure our body when we breathe in too much volatile organic

solvent. For this purpose, we begin to study how to detect volatile organic compound in air.

In this work, we combine polyaniline membrane which can adsorb gas molecules and quartz
crystal microbalance which is highly sensitive to mass changes to design a simple and inexpensive
system which needs only little chemicals. With this system, we can effectively detect different
volatile organic compounds. Furthermore, we can also study the adsorption of polyaniline

membrance for different volatile organic compounds.

keywords : polyaniline ~ gas detection
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Abstract

Many volatile organic compounds accumulate easily in the laboratory and can have
adverse impacts on students’ health. In this study, a simple microbalance based on a
commercial quartz crystal and polyaniline adsorbent was developed to detect volatile
organic compounds. The experimental result show that the adsorptivity of the
hydrocarbons is in the sequence: organic acids > alcohols > organic oxides > aromatic
compounds > aliphatic compounds. The adsorptivity were found to be strongly affected by
the chemical and physical properties of volatile organic compounds. In general, the
adsorptivity increases with (1) the formation of hydrogen bond between the molecule and
the adsorbent; (2) the higher polarity and (3) the higher abundance of pi electrons of the
molecule. On the contrary, the adsorptivity decreases with higher steric hindrance because
the contact area between molecule and adsorbent decreases. Due to its high polarity, the
adsorptivity of acetic acid is the highest among the compounds studied. The utility of this
simple device was demonstrated in detecting volatile organic compounds in chemistry
laboratory.



Introduction

Organic solvents such as methanol, acetone, etc., are often used in high school’s
chemistry laboratory. These solvents can be easily absorbed by human body through

breathing and/or skin contact, and thus may cause serious adverse impacts on students’
health.

Piezoelectric crystals such as quartz are known to be sensitive to pressure on their

surface. The vibrational frequency of an oscillating piezoelectric crystal decreases on
adsorption of a foreign substance onto its surface. As shown in Sauerbrey’s equation:
Af = 2.3 x 10 £,> (M/A), the variation of vibrational frequency is related to the mass of
adsorption materials. This relationship and the theoretical excellent detection limit of
oscillating quartz crystals make them ideal choices as gas sensors (1). Furthermore, the
quartz based sensors are often inexpensive and easy to fabricate.

Piezoelectric quartz crystals coated with polymer, e.g., polystyrene and polyacrylamide
have been extensively studied (2,3). In this study, a simple microbalance based on a
commercial quartz crystal and polyaniline adsorbent was developed. The characteristics of
the polyaniline coated quartz crystal and its utility in detecting organic vapor in chemistry
laboratory are presented.



Experimental

1. Chemicals

All chemicals were obtained from Shimakyu’s pure chemicals (Japan).

2. Fabrication of polyaniline coated quartz crystals

Piezoelectric crystals used were commercial AT-cut spherical quartz crystals, radius
0.22 cm with a basic frequency of 10 MHz and silver—plated metal electrodes on both sides
(Tai Then Electric Co., Ltd , Taiwan). The cost of such crystals is less than 0.5 US dollar
each. The crystals were coated with polyaniline via electrochemical means. Before
coating, the metal case of the quartz crystal was removed by using a handsaw (Fig. 1).
Coating solution of aniline was prepared in 2 M HCI solution. Coating was conducted in a
home made polyacrylic electrolysis cell as shown in Fig 2. The volume of the cell was less
than 1 ml. The voltage was set at 0.8 volt during electrolysis and the reaction was stopped
when a layer of green coating was observed.

llegoteneNensienelie

Emeraldine salt of polyaniline

Fig. 1 Quartz crystals Fig. 2 A homemade polyacrylic
(1) Before removing the metal case electrolysis cell

(2) After removing the metal case
(3) After coating with polyaniline



3. Setup of the gas sensor

The apparatus of the piezoelectric
quartz gas sensor is shown in Fig. 3.
The working cell (2 L flask) was
filled with nitrogen and sealed with
a rubber cork. Volatile organic
solvents were injected into the

working cell through the rubber cork.

To avoid the effects of temperature,
the temperature of flask was

maintained at 30°C by using a water

bath. The coated quartz crystal was
connected to an oscillator and a
frequency counter. The frequencies
were recorded and transferred to a
personal  computer for  data
processing.

Frequency counter

9994547

00 DOD DOD

Oscillator

Water Bath

30°C

Fig. 3 The gas sensor.
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Results and Discussion

1. Piezoelectric system
Effect of temperature
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Fig. 4 Various temperatures on frequency shift

® Frequency was found to be very
sensitive to temperature.

2. Effect of functional group
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Stability of the system

® With clean air, the variation was

found to be 2Hz in a period of ten
minutes at 30°C.

® Using n-butanol as the test solvent,
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the within- day and between-day
reproducibility were found to be 2.6
%and 3.4 % respectively.

e propanol
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e propanal
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Fig. 5 Various organic solvents on frequency shift

® Frequency shift is proportional to the polarities of the functional groups.
® Coulombic interaction and hydrogen bonding between polyaniline and the test
molecules were the major reasons fgr the greater frequency shifts.
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5.

Frequency shift ( Hz)

3. Effect of chain length

300
butanol |
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200+

150

100

50

T T T T T
1.0 1.5 20 25

Conc. (mmol /L)
Fig. 6 Alcohols of different chain length on

® Greater frequency shifts were
observed for alcohols of higher
molecular weight.

Larger frequency shifts are most

likely due to the greater mass per
adsorbed molecule.

Effect of 77 electrons
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4. Effect of steric hindrance
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Fig. 7 Butanol isomers on frequency shifts

® Linear molecule exhibited a greater
frequency shift than branched
molecule.

The horizontal adsorption of linear
molecule provided more efficient
adsorption and thus greater
frequency shift.

Fig. 8 Organic solvents with different
77 electrons on frequency shifts

® 7 -7 interaction appeared

to enhance the adsorption of
alkene and aromatic
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6. Relative response of fourteen organic solvents
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Fig. 9 Frequency shifts of fourteen organic solvents

® Among the compounds studied, acetic acid showed the greatest frequency shifts
followed by alcohol, ketone, aldehyde, aromatic compound, alkene and alkanes.

7. Detection of organic vapors in the chemistry laboratory of our
school

30
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Fig. 10 Frequency shift due to the
ethanol vapor in the chemistry
laboratory

® Concentration of ethanol vapor
was about 0.055 mmol/L.
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Conclusions

® A simple and inexpensive quartz crystal microbalance was developed for
the detection of organic vapors.

® Acidic and polar compounds were more easily adsorbed onto the surface
of the microbalance.

® Coulombic interaction and hydrogen bonding were the most important
factors in the adsorption process.

® Smaller frequency shifts of nonpolar compounds were more likely due to
the dipole-induced dipole interaction.

® Factors such as the size of molecule, steric hindrance and 77 electron also
affect the adsorption of organic molecules.

® The gas sensor was found to be useful in the detection of organic vapor.
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