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Abstract: 
The present work describes the utilization of screen-printed PZT cantilevers for the detection of 
volatile organic compounds (VOCs) at room temperature by means of a specific sensitive coating. The 
sensitive coating is formed by polyvinylidene fluoride (PVDF) and active carbon electrospun 
nanofibers with an average diameter of 500 nm. These fibers enable to maximize the surface 
interaction area and hence the diffusion processes of the molecules within the sensitive coating. When 
the sensitive coating is exposed to different VOCs and concentrations, the absorption and desorption 
processes induce shifts in the cantilever resonance frequency value. In particular, a shift of 971 Hz is 
observed at a frequency around 802 KHz when the device is exposed to 750 ppm of acetone. 
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Introduction 
The detection of volatile organic compounds 
(VOCs) at small concentrations is very 
important and interesting in different fields such 
as human health, industrial processes control or 
environmental monitoring [1]. Additionally, a 
good detector should comprise several aspects 
like reliability, coverage of the specific 
sensitivity range, low power consumption, and 
reduced cost among others [2]. In particular, 
cantilever based sensors have shown good 
characteristics for gas sensing at room 
temperature [3-4]. To perform detection of 
chemical compounds, specific sensitive layer is 
prior deposited on the cantilever to trap the 
different species. This phenomenon, which 
affects the mass of cantilever, induces both 
bending rigidity and surface stress changes. 
These mechanical modifications find expression 
in static or in dynamic modes respectively by 
curvature or resonance alterations [5]. More 
specifically, the addition of a high surface area 
absorbing sensitive overlayer onto the 
cantilevers can lead to unique opportunities for 
the fabrication of cantilever sensing devices 
and the detection of VOCs. 

Particularly, in this work, we study the 
fabrication of active-carbon nanofiber-based 
sensitive layers onto gold coated screen-printed 
PZT cantilevers for the detection of VOCs. 

Experimental 
The self-actuating piezoelectric microcantilever 
of dimension 8x2x0.08 mm3 is obtained through 
screen-printing deposition technique onto a 
sacrificial layer [6]. It is basically composed of a 
PZT layer between two gold electrodes. 

Active carbon with high surface area (1779 
m2/g) and small pore width (1 nm) was selected 
for its high adsorption capacity of volatile 
organic compounds. Electrospinning technique 
was chosen in order to produce high surface 
contact nanofiber-based sensitive layers onto 
the gold coated PZT cantilevers [7]. The 
electrospinning process was carried out using 
the setup shown in Fig. 1 with the following 
parameters: 10  µL/min solution feed rate, 12 
kV voltage and 10 cm tip to collector distance. 
Active carbon powder (200 mg), prepared in our 
laboratory, was added to the polymer solution 
(4g), composed by PVDF 15 wt% in 
dimethylformamide (DMF), and stirred for 3 h. 

The functionalized cantilevers were tested in a 
closed chamber at room conditions (25 ºC and 
30% RH) and with different concentrations of 
VOCs. The impedance of the functionalized 
cantilevers was monitored during the 
experiments using an impedance meter (Wayne 
Kerr Inc. 6530 A).
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Fig. 1: Schematic representation of the setup used for the electrospinning deposition process and image of the 
Taylor cone formed during the deposition. 

 

 

Results and Discussion 
The fabricated active carbon nanofiber-based 
array can be observed in the SEM image of Fig. 
2, which expose a high surface interaction area. 

  

 
Fig. 2: SEM image of the nanofibers fabricated 
onto the cantilever. 

The fiber average diameter is around 500 nm.  
Electrical measurements of the fabricated 
samples confirmed the piezoelectric behavior of 
cantilevers and the presence of resonance 
modes after the active carbon nanofiber-based 
coating deposition. In particular, resonances 
can be observed in Fig. 3 at different 
frequencies such as 171.85 kHz, 802.26 kHz 
and 8.16 MHz. 

Then, the device was introduced into a closed 
chamber and exposed to acetone at a 
concentration of 750 ppm obtaining a shift of 
971 Hz of the resonance frequency located at 
802.26 kHz. The resonance shift of the device 
when it is exposed to acetone is represented in 
Fig. 4. The response time at room temperature 
is in the order of a few minutes, which shows 
promising results for the detection of different 
chemical species. Studies on the response time 
and selectivity of the sensors with different 
VOCs and other resonances are in progress.  

 

 
Fig. 3: Resonance frequencies of the cantilever after the nanofiber fabrication. 
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Fig. 4: Resonance frequency shift when the nanofiber coated cantilever is exposed to acetone in a 

concentration of 750 ppm at 30%RH and 25ºC. 

 

Conclusions 
Active-carbon nanofibers have been fabricated 
successfully onto gold coated screen-printed 
PZT cantilevers by means of the 
electrospinning deposition technique. The 
cantilevers revealed a resonance shift when 
they were exposed to acetone. This study 
shows promising results for the detection of 
different chemical species. A more profound 
study on the response time, selectivity and 
cross-sensitivity of the sensors with different 
VOCs, temperature and relative humidity as 
well as the sensitivities of the other resonances 
is still to be performed. 
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