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Abstract 

In this work, plasma polymerization of tetraethoxysilane (TEOS) has been used for producing QCM chemical sensors. The 

sensor was exposed towards the methanol and chloroform molecules. The measured isotherms on modified QCM electrode 

showed a good reproducibility and reversibility. Generally, the frequency shift (∆f) of QCM increases linearly with the vapor 

concentration. The evolution of sensor response showed clearly an improvement of the QCM sensibility. However, the film 

elaborated from 50% of TEOS and 50% of O2 was found to be significantly more sensitive than film deposited from high 

proportion of oxygen due to dense structure. Concerning the selectivity, the results revealed a good affinity of the layer to 

methanol molecules. Fourier transform infrared spectroscopy (FTIR) analysis showed that VOCs molecules interact via hydrogen 

bonding due to the presence of the –OH group in the elaborated layers. 
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1. Introduction  

The detection of volatile organic compounds (VOCs) in 

environmental protection, health care and industrial 

processing has been a subject for research and development 

over the last decades. Alcohols such as methanol and 

ethanol are used in many workplaces and laboratories, 

medicine and food industry [1].The development of sensors 

with selectivity, rapidly, reliability and reproducibility to 

VOCs becomes more interest. A number of electronic 

devices and chemical sensors based on the use of different 

polymer coatings such as, mass sensitive quartz crystal 

microbalance (QCM) and surface acoustic wave (SAW) 

devices have been developed. Amongst the various types of 

chemical sensors, there is a considerable interest in QCM 

[2–3] for detection of VOCs. Quartz crystal microbalance 

(QCM) sensors coated with various sensing films have been 

useful for gas/vapor detection and analysis [4]. Polymers are 

widely used as chemically sensitive coating materials on 

quartz crystal electrodes and are particularly suitable for 

detecting VOCs, because of the ability of the polymer to 

sorb vapour reversibly. The chemical structure and physical 

properties of polymeric coatings and the nature of 

interaction between polymer coatings and vapour molecules 

determine the selectivity, sensitivity, signal kinetics and 

reversibility of the sensors [5]. QCM is extremely sensitive to 

mass change. The surface of a quartz crystal electrode is 

coated with a sensitive polymeric material, capable of 

interacting with the environment of interest and able to 

adsorb vapour reversibly [6]. The changes in mass ( 'm ) of 

the polymer film can be measured by the oscillating 

frequency of the quartz electrode. The frequency change 

( f ) to the mass loaded is calculated from Sauerbrey 

equation [7]:  
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Where 0f  (Hz) is the natural frequency of the quartz crystal, 

Q  is the quartz density (2.649 g cm cm
-3

) and Q  is the 

shear modulus (2.947×1010 N/m
2

). In this work, a simple 

coating method has been used for producing QCM chemical 

sensors. The method is based on plasma polymerization of 

TEOS (PPTEOS). The sensor was exposed towards a wide 

range of VOCs molecules (polar and non polar), such as 

methanol and chloroform. The paper presents results on the 

effect of some discharge parameters on sorptive properties 

of the coated QCM. We investigated the correlation between 

the interaction of the analyte with the sensitive layer and the 

chemical structures of the elaborated layers by means of 

Fourier transform infrared spectroscopy (FTIR) analysis.  
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2. Experimental  

2.1. Chemical products and instrumentation 

Tetraethylorthosilicate (TEOS) was purchased from 

Merck and used without further purification. The response 

of the sensor was tested using methanol and chloroform as 

the analyte species. Six megahertz, AT-cut QCM with 

polished gold electrodes (diameter 5 cm) were purchased 

from International crystal Manufacturer (ICM). The 

frequency change of the sensor (adsorption measurements) 

was monitored by QCM measurement equipment. 

2.2. Polymeric film production 

TEOS thin films were deposited using plasma enhanced 

chemical vapor deposition (PECVD) at low frequency power 

from pure vapor of TEOS or diluted with oxygen. The 

power during the polymerization was controlled by a 19 kHz 

generator. The system consisted of a bell-jar chamber (310 

mm diameter, 450 mm high), a pair of parallel symmetrical 

electrodes (120 mm diameter) separated by a distance of 2.5 

cm, vacuum system (composed of Alcatel primary pump) 

and a monomer inlet system. The pressure in the reactor 

was monitored by a pressure measurement system (Pirani). 

Substrates were placed in the grounded lower electrode and 

the reactor chamber was pumped down to 1 Pa in few 

minutes. The plasma polymerized films were deposited 

simultaneously on QCM and on intrinsic silicon wafers for 

FTIR analysis. Chemical structure and composition of 

PPTEOS films were characterized by FTIR spectroscopy. 

All spectra were acquired in absorbance mode in the 400-

4000 cm
-1

 range using a Nicolet Avatar 360 FTIR 

spectrometer. The film thickness was measured using a 

Tencor profilometer.  

2.3. Measurement systems of the QCM gas sensors 

The experimental set-up is shown in Fig. 1. Organic 

vapor was generated by continuously heating the solution 

and are introduced to the testing cell by pressure difference. 

An automatic mass flow controller monitored the target 

analyte gas concentrations that were fed to the chamber and 

upon attaining the desired concentration, the shift frequency 

was simultaneously recorded and the data were transferred 

to a computer via RS232 interface. Between measurements, 

the chamber was evacuated to desorb analyte.  

3. Results and discussion 

3.1. Reproducibility and reversibility of the sensor 

To investigate the reproducibility of the sensor, the 

response signals of QCM sensors coated with 693 nm layers 

thickness, deposited from pure TEOS exposed to methanol 

and chloroform vapors at concentration of 300 ppm were 

recorded. The sensor was repeated for three times to insure 

a good reversibility and reversibility Fig.2. After reaching 

steady state, the film was exposed to dry air until full 

desorption of the crystal was obtained and it was then 

exposed to previously used analyte concentration. Moreover, 

the sensor is found to be reasonably selective and 

significantly sensitive to methanol vapor than the chloroform 

vapor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. Coating the electrode of QCM with TEOS/O2 film for 

organic vapor sensing 

During films deposition, the partial pressure of TEOS/O2 

and discharge power were kept constant equal to 0.4 mbar 

and 8 W, respectively. The proportion of oxygen in the 

mixture was varied from 0 % to 80 %. The QCM sensors 

coated with 693 nm layers thickness was exposed to 

methanol and chloroform vapors with various 

concentrations. Fig. 3 presents the plots of shift frequency 

(∆f) as a function of analyte concentration for different 

oxygen proportion in the mixture. We observe over the 

whole explored domain of concentrations a good linearity of 

the sensors responses for both virgin and coated quartz. 

Moreover, it clearly noticed that the use of a thin PPTEOS 

film deposited on quartz crystal improves considerably the 

sensibility of the sensor. For a concentration of methanol of 

about 250 ppm, the shift frequency recorded on virgin quartz 

is in the order of 5 Hz.  This later value passes to about 250 

Hz when the QCM electrode is functionalized with pure 

TEOS film. This improvement of the sensitivity can be 

explained either by an increase of the surface adsorption sits 

of the coated electrode and\or by the physico-chemical 

Figure 1. A schematic diagram of QCM experimental cell. 
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Figure 2. Reproducibility and reversibility of coated 

QCM electrode when exposed to organic vapors 
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properties of the elaborated layer. This variation of the 

sensitivity of the QCM with increasing target concentration 

suggests the existence of a diffusion process of the organic 

molecules into the bulk of the coating and the increase in 

film thickness would encourage at first the multiplication of 

the absorption sites resulting in increased sensitivity of the 

QCM [8]. For film elaborated from 50% of oxygen and 50% 

of TEOS, the shift frequency increases significantly to reach 

a value of about 900 Hz when the sensor was exposed 

towards 250 ppm. The sensibility improvement of the coated 

QCM exceeds 180 times the sensibility recorded on virgin 

quartz crystal. However, we notice that beyond a certain 

proportion of oxygen in the mixture, the sensitivity decreases 

significantly. For films elaborated with 80 % of oxygen in the 

mixture, the response towards 250 ppm of methanol vapors 

falls to reach 160 Hz, but remained still higher than 

recorded on virgin quartz crystal. The deposited films 

became inorganic in character with SiOx as type chemical 

composition closer to thermal silica (vitreous, more rigid, are 

less permeable). 

In fig 3b, we notice that the sensitivity to chloroform 

molecules is much lower than that recorded for the 

methanol molecules:   for 250 ppm of chloroform, the 

frequency shift is only 20 Hz for quartz coated with pure 

TEOS film and hardly exceeds 43 Hz when the film 

elaborated from 50% of oxygen and 50% of TEOS. This 

difference in sensitivity of quartz covered with the same film 

thickness and same proportion of oxygen in the mixture can 

explained by the difference in the molar weight between 

methanol and chloroform: The molecules of chloroform 

having a molar weight much more important than that of 

methanol molecules which have much difficulty to pass 

through the pores existing in the thin films.  

The infrared spectra obtained for different percentages of 

oxygen in the mixture TEOS/O2 are shown in Fig.4. We 

notice that for strong proportions of oxygen (80%) the 

recorded infrared spectrum becomes close to that of thermal 

silica with its three principal peaks attributed to SiOSi biding 

group around 400, 800 and 1070 cm
-1

 [9]. Indeed, we 

observe a total disappearance of the peaks assigned to the 

element carbon. For film deposited with 50% of oxygen, the 

CHn group (2962 cm
-1

) appears with low and we observe a 

total disappearance of the SiH group (2250 cm
-1

). Table 1 

shows the variation of peak intensities ratio of CHn and 

SiOH relative to SiOSi peak. With 50% of oxygen, the small 

decease of CHn peak is compensated by an increase of 

hydroxyl groups. A low dense film structure with high 

proportion of hydroxyl groups promote gas sorption, which 

is consistent with large sorption capacity of the film 

elaborated with 50% of O2. 
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Figure 3. Variation of shift frequency with the concentration of: (a) 

methanol and (b) chloroform for different oxygen proportion 
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Figure 4. FTIR spectra of the 

deposited layers elaborated from a 

mixture of TEOS and oxygen 
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Table.1 Variation of the SiOH and CHn relative peak intensity as a function oxygen proportion in the mixture. 

 

 

 

 

 

4. Conclusion 

In case of coated QCM electrode with a sensitive layer 

elaborated from pure vapor of TEOS, the evolution of 

sensor response showed clearly an improvement of the 

sensor sensibility for both types of analyte. The frequency 

shifts versus analytes concentrations exhibited satisfactory 

linear relationship. The results showed that smaller molar 

weight VOC molecules are more absorbed than greater 

molar weight VOC molecules indicating a strong affinity of 

PPTEOS film for methanol gas. Film elaborated from 50% 

of TEOS and 50% of O2 was found to be significantly more 

sensitive than film deposited from high proportion of oxygen 

due to dense structure.  FTIR analysis suggests that the 

presence of CHn groups in the film structure (which 

increases the film microvoides) and OH groups (which 

provide a main source for hydrophylic capability to interact 

with foreign molecules) increase the gas sorption capacity of 

the elaborated layer.  
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Proportion of oxygen [%] 
Peak ratio 

SiOH / SiOSi 

Peak ratio 

CHn /SiOSi 

0 0.13043 0.08261 

50 0.15092 0.03736 

80 0.14384 0.01712 


