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Abstract — A quartz crystal microbalance (QCM) system coated with poly (isobutylene), polystyrene, and poly (methyl
methacrylate) has been prepared to measure the adsorption amounts of benzene, toluene, and p-xylene at very low pres-
sures. The resonant frequency shift of the QCM system is proportional to the increase in pressure in all experiments. The
Henry’s constants for all adsorbates on the polymer films are obtained from experimental data and compared with the
minimum adsorption potential energies between adsorbates and the polymer films. In general, there is an explicit cor-
relation between adsorption amount and the minimum adsorption potential energy.
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Fig. 1. Schematic diagram of QCM sensor system.
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Fig. 2. (a) Relation between frequency shift and NaCl loading mass, (b) effect of system temperature.
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ous polymer solutions.
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Fig. 4. Nitrogen adsorption and desorption isotherms of polymer
coated QCMs at 77 K.
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Table 1. Pore structure characteristics of polymer coated QCMs
] Surface area (m%*/g)  Pore area (m%*g)  Pore size (A)
Materials
BET Meso (BJH) Meso (BJH)
PIB 2.56 7.67 33.69
PS 229 7.33 34.20
PMMA 2.15 7.57 36.26
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Table 2. Parameters for diffusion coefficient of polymer coated QCMs

Density Coating mass Thickness Diffusion coefficient

Materials e ng Lom D5
PIB 0.96 3,531 80.5 2.082x107"1
PS 1.04 3,421 723 1.565x10718

PMMA 1.17 3,691 69.3 6.384x10717
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Table 3. Parameters for Henry isotherms
. Benzene Toluene p-Xylene
Materials > > >
K, mol/KgkPa R Ky, mol/KgkPa R K, mol/KgkPa R
PIB 0.140 0.999 0.401 0.998 1.155 0.998
PS 0.093 0.998 0.322 0.999 0.948 0.999
PMMA 0.050 0.986 0.261 0.997 0.534 0.999
*Square correlation coefficient
Table 4. Potential parameters and adsorption potential energies
Materials Parameters Unit Benzene Toluene p-Xylene
£ J/molecule 4.00x107! 3.99x107! 3.94x107!
PIB oy nm 0.560 0.587 0.614
€] sp” kJ/mol 26.3 28.9 31.1
£, J/molecule 4.33x107% 432x107! 426x1072!
PS oy nm 0.455 0.482 0.509
&) s1p” kJ/mol 17.7 19.7 21.6
£ J/molecule 4.53x107! 4.52x107! 4.46x107!
PMMA oy nm 0.426 0.453 0.480
€1 gp” kJ/mol 15.3 17.2 19.0

“Minimum adsorption potential energy
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ABI1E
A :piezoelectrically active crystal area (Area between electrodes,
cm?)
C : concentration [mol/m?]
D :diffusion coefficient [m?/s]
f, : resonant frequency [Hz]
Af  :frequency change [Hz]

L : thickness of film, [m]
M, :adsorbed amount at given time [mol/kg]

M., :equilibrium adsorbed amount [mol/kg]

Am :mass loading [g]

n : number of the interacting centers per unit area of the lattice
plane

4 : distance between the molecule and the lattice plane [A]

Jz2joja EX}

p, :density of quartz [p,=2.648 g/em’]

, :shear modulus of quartz for AT-cut crystal [uq=2.947X10‘1
g/em.s?]

0, g.p : potential energy of single lattice plane [kJ/mol]

€].sp : Minimum potential energy between a molecule and a single
lattice plane [kJ/mol]

Gy, :collision diameter [A]

€], :minimum adsorption potential [kJ/mol]
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