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Quartz crystal microbalance (QCM) gas sensors based on
the alternate adsorption of TiO, and polyacrilic acid
(PAA) were developed for the sensitive detection of
amine odors. Individual TiO, gel layers could be
regularly assembled with a thickness of ~0.3 nm by
the gas-phase surface sol—gel process (GSSG). The
thickness of the poly(acrylic acid) (PAA) layer is
dependent on its molecular weight, showing different
thicknesses of ~0.4 nm for PAA,5; (Mw 250 000) and
0.6—0.8 nm for PAA,oo (Mw 4 000 000). The QCM
sensors showed a linear response to ammonia in the
concentration range 0.3—15 ppm, depending on the
deposition cycle of the alternate TiO./PAA layer. The
ammonia binding is based on the acid—base interac-
tion to the free carboxylic acid groups of PAA and the
limit of detection (LOD) of the 20-cycle TiO»/PAA4o
film was estimated to be 0.1 ppm when exposed to
ammonia. The sensor response was very fast and stable
in a wide relative humidity (rH) range of 30—70%,
showing almost the same frequency changes at a given
concentration of ammonia. Sensitivity to n-butylamine
and ammonia was higher than to pyridine, which is
owing to the difference of molecular weight and basicity
of the amine analytes. The alternate TiO»/PAA, films
have a highly effective ability to capture amine odors,
and the ambient ammonia concentration of 15 ppm
could be condensed up to ~20 000 ppm inside the
films.

Detection of odorous amine compounds is a target of primer
importance in many areas of human activities."> Amine com-
pounds, especially, have been used as an indicator of the food
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quality® and are also a challenging target of environment pollutant
detection.* Among others, ammonia could be regarded as a
“biomarker” for the diagnosis of several diseases and therefore
the device for the ammonia measurement with the detection limit
of 50—2000 ppb and fast response time are highly desired.!
Recently, organic polymers were deposited on different transduc-
ers as the sensitive element for the ammonia detection,® such as
potentiometric,® optical,” and mass sensitive ones.® Among these
techniques, quartz crystal microbalance (QCM) is extremely sensitive
and a powerful tool for monitoring mass changes in the nanogram
range.®!° The basic principle of QCM sensors is the measurement
of the frequency shift as a result of the mass adsorbed on the QCM
resonator. How to modify the resonator surface properties becomes
an essential issue for enhancing the range of applications of the QCM
sensor, and deposition of thin films on the QCM resonator surface
allows sensitive and selective determination of particular chemical
analytes to be achieved.!' !® The layer-by-layer (LbL) process is a
versatile technique for the deposition of multilayered nanothin films
onto different substrates.**> Recently, we have employed the LbL
process for the preparation of multilayered organic films as sensitive

3

=

Olafsdottir, G.; Nesvadba, P.; Di Natale, C.; Careche, M.; Oehlenschlager,
J.; Tryggvadottir, S. V.; Schubring, R.; Kroeger, M.; Heia, K.; Esaiassen,
M.; Macagnano, A.; Jergensen, B. M. Trends Food Sci. Technol. 2004, 15,
86-93.
(4) WHO. Air Quality Guidelines for Europe, No. 23, European Series, WHO
Regional Publications: Copenhagen, Denmark, 1987.
(5) Harsanyi, G. Mater. Chem. Phys. 1996, 43, 199-203.
(6) Meyerhoff, M. E. Anal. Chem. 1980, 52, 1532-1534.
(7) Korposh, S. O.; Takahara, N.; Ramsden, J. J.; Lee, S-W.; Kunitake, T. J. Biol.
Phys. Chem. 2006, 6, 125-133.
(8) Ding, B.; Yamazakia, M.; Shiratori, S. Sens. Actuators, B 2005, 106, 477-
483.
9) Lu, C.; Czanderna, A. W. Applications of Piezoelectric Quartz Crystal
Microbalances; Elsevier: Amsterdam, The Netherlands, 1984.
(10) Kanazawa, K.; Cho, N.-J. J. Sens. 2009, article ID 824947.
(11) Paolesse, R.; Di Natale, C.; Macagnano, A.; Davide, F.; Boschi, T.; D’Amico,
A. Sens. Actuators, B 1998, 47, 70-76.
(12) Dickert, F. L.; Balumler, U. P. A.; Stathopulos, H. Anal. Chem. 1997, 69,
1000-1005.
(13) Ji, Q.; Yoon, S. B,; Hill, J. P.; Vinu, A; Yu, J.-S.; Ariga, K. J. Am. Chem. Soc.
2009, 131, 4220-4221.
(14) Ariga, K,; Hill, J. P,; Ji, Q. Phys. Chem. Chem. Phys. 2007, 9, 2319-2340.
(15) Ariga, K; Hill, J. P.; Lee, M. V,; Vinu, A.; Charvet, R.; Acharya, S. Sci.
Technol. Adv. Mater. 2008, 9, 1-96.

10.1021/ac901813q © 2010 American Chemical Society
Published on Web 02/19/2010



