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Challenges in Air Quality Control: Acoustic Sensors   

   Real-time monitoring of gas /air composition 

 Possibility in situ measurements with high  precision 

How to discriminate between components? 

   Biosensors solution:  

 
Q                                                                                                                                                                                           QCM as a chemical gas and vapor sensor  

                                                                                                                                                                                   (picture compiled from Grate JW review, with permission) 

Other than gaseous components of urban air:  

Dust, microparticles and nanoparticles (NPs), aerosols and liquid microdroplets 

(including bacteria and other contaminants)  

 

 

 



Acoustic sensors for real-time monitoring of gas composition 

• Acoustic sensors based on piezoelectric resonator systems are widely used for the real time monitoring of 

mass and in situ analysis of gas composition .  

 

• Selected examples are environmental in-door, health care and out-door air quality control 

applications, in particular, the detection of explosives, pollutants or toxic compounds.  

 

• The quartz crystal microbalance (QCM) and the surface acoustic wave (SAW)-based sensors belong to 

the leading group due to their considerable advantages.  

 

• These piezoelectric resonators of BAW (bulk acoustic waves) and SAW- type, respectively, are 

considered now as high resolution analytical tools  allowing researchers to discriminate between  volatile  

components  in vapours and gases (or air) due to selective polymer coating on the resonator surface. 

 

• In gas phases or in the air, the gravimetrical measurements performed with the QCM or SAW-based 

sensors provide the experimental data with high precision for the detection of surface mass for the thin 

adsorbed layer rigidly attached to the surface of the oscillator. 

 

• The new challenge is the analysis of dust, liquid droplets and aerosols which can be a component of the 

urban air, which is a common situation for both in-door and out-door air conditions.  

 

• The losses of energy of the oscillators due to the interfacial friction, slip or viscosity can influence the 

measured characteristics. 
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Acoustic Sensors: 
BAW (Quartz Crystal Microbalance (QCM) 

SAW (Surface Acoustic Waves) type  
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SAW sensor (schematic)  



Sauerbrey relation: 
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QCM-D: in situ measurements, 

Real time monitoring of  adsorbed mass 

    The new experimental challenge in IAQ is the analysis of  (respirable) dust, liquid droplets 

and aerosols which can be a component of the urban air, which is a common situation for 

both in-door and out-door air conditions. Especially important IAQ  for the industrial emissions, 

including carbon emission, dioxin, heavy metals, acid gases. Also applied to urban areas 

inside commercial or public buildings, traffic zones, airports, etc.    

 

• Theoretical challnges:  losses of energy of the oscillators due to the interfacial friction, slip or 

viscosity can influence the measured characteristics. 

 

• Recent advances in QCM technique include the possibility of measurements of change in the 

resonance frequency and the dissipation simultaneously, with the so-called 

        QCM-D sensors.  

 

• Another help is the possibility of measurements on different overtones which can provide 

the additional information about the system. 

 

• New solutions in surface design of the sensor surface: 

        nanofibrous polymer coatings 

 

6 Picture:  courtesy C Zanden, C-T Wang, A Hossein, J Liu and M V Voinova 
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QCM-D measurements in Air Quality Control 

Problem statement: how the resonance frequency shift Δf and the dissipation D of 

the QCM-D sensor depends not only on (1) mass but also on  

 (2)viscosity or (3) viscoelasticity of the adsorbed material?Overtone dependence? 

(3) (2) 
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     Further development of the rigorous theoretical models in parallel with numerical 

calculations and computer  simulations is needed for the quantitative characterization 

of vapours’ content  for both in-door and out-door real-time monitoring by acoustic 

sensors (specifically, by the QCM-D sensors) and for the correct interpretation of the 

results of in-situ measurements of air (vapour) components.  

New challenges: 

  The new architecture design (MESA-shaped or nanofibrous membranes with higher 

surface area for gas adsorption) of the sensors surface should be taken into account. 

Research directions as WGs R&I NEEDS for Action TD1105: 

• Theoretical modeling of aerosols, liquid droplets and micro/nanoparticles or dust by 

means of acoustic sensors of BAW (QCM)  or SAW-type  including the tribology  and 

nanotrobology aspects (the effects of friction by means of analysis of the dissipation 

monitored simultaneously with the changes in the resonance frequency of the acoustic 

resonators) and the effects of viscosity (viscoelasticity) in the detected microdroplets. 

QCM-D sensors allow researchers to measure the mass and mechanical properties of 

the adsorbed layers with high precision.  

 

 

 

CONCLUSIONS 



Liquid Marbles: New Model Systems 

 

 

 

 

 

 

 

 

 

 

   Beautiful picture of  powder-coated liquid marbles: carbon black (right on up 

insertion) and hydrophobic powder  coated liquid droplets (A); actuation (B-D) 

 (courtesy of the first author of the paper Bormashenko et al.,  Langmuir (2011)) 

   Picture source reference : E. Bormashenko, Y.Bormashenko, R. Pogreb, O. Gendelman,  

                                                                 Langmuir  2011, 27(1), 7–10 

                                                      

                                                                                               All pictures in the presentation is shown for  the educational purposes only 10 



Liquid Marbles: 

 liquid + fine powder (dust, NPs) = small particles - encapsulated droplets 

 • Liquid Marbles: schematics of formation [1]: 

           (water in air powder) 
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11 Evaporation of liquid marbles 

Picture source: Ref. [5] 
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