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Sensitive and selective sensor-systems  

for gaseous pollutants monitoring 

Microwave 
(ICB-Dijon) 

Conductimetric 

Acoustic 
Organic 

Nanocarbons 
Hybrid 

Mineral 

Scientific objectives and application 

Chemical filters 

Sensors 

Working protocols 

Target analytes ? 

Others… 



Investment on topic? 

Special focus on BTX detection 

A serious concern for indoor environments 

Sensor-systems highly relevant for indoor AQC  
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Sensor strategy: sensing material 

 Aromatic macromolecules 
 High p-electrons delocalization 

 Modularity of peripheral groups 

 Aromatic interactions with analytes 

Adsorption sites for aromatic gas 
Adsorption easily reversible 

 Tuning of the sensing properties 

Modulation of sensitivity, selectivity 

 Peripheral electron-donating groups 
Higher solubility 
Strengthening of aromatic interactions 
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Sensor strategy: transducing mode 

M-p 

p-p 
CH-p 

Sensing devices 

Temperature correction on sensor signal 

Fcorr = Fmeas – K . (T0 – T) 

K : temperature sensitivity of QCM 
T0 = 30°C (Zero error) 

70% of signal drift removed 

Quartz Crystal  
Microbalance 



Removal of long-chain groups 
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Material: coating & characterizations 
Thermal evaporation Homogenous layers 

 

Suitable for non-soluble MPc 
 

Control of thickness and 
deposition rate 



CuPc 
 

ttb-CuPc 
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Sensing behaviour: effect of peripheral groups 

ttb-CuPc 
Unsubstituted 

CuPc 

 Change on layer morphology 

 Higher sensor response 

Room Temperature 

Toluene = 500 ppm  

 

 Adsorption into the volume 
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Sensing behaviour: effect of metal 

ttb-CuPc ttb-ZnPc 

 No influence on structural 
properties 

Materials Frequency shifts 

/ 500 ppm (Hz) 

Response 

time (min) 

Recovery time 

(min) 

ttb-CuPc 58 3 3 

ttb-ZnPc 53 3 3 

 No significant change on sensing 
characteristics 

Room Temperature 

Toluene = 500 ppm  
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Performances of ttb-MPc based QCM sensors 

- Repeatability - 

- Linearity - - Hysteresis - 
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Performances of ttb-MPc based QCM sensors 

- Storage conditions - 

- Long term stability - - Resolution - 

- Reproducility - 
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Sensor performances: limits 

No significant response toward CO, H2S and NO2 ! 

      
STSM 

Sensors and Actuators B 210 (2015) 398–407  

 Threshold to improve 
 Incomplete selectivity 
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ASTHMAA project: objectives & strategy 

 Discriminated measurements 
     of BTEX 

 Improvement of LOD 
    (preconcentrating effect) 
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Material Origin 
SSA 

(m2/g) 
Vt 

(cm3/g) 
Vmicro 
(cm3/g) 

Vmeso 
(cm3/g) 

Oxygen 
Groups 
(mol/g) 

CGL-10 720 1.00 0.30 0.70 1.20x10-3 

CDC 2190 0.89 0.66 0.23 1.80x10-3 

CNR-115 Commercial 1880 0.94 0.64 0.30 2.75x10-3 

Investigated nanocarbons 

Lower SSA 

Higher SSA 

Mesoporous 

Microporous 

+ 

- 

Oxygen 

groups 

Modulation of 

surface chemistry 
Treatment by fluorination 

Weakness of  

adsorption forces 

Lower temperature of 

desorption 

ASTHMAA project: preliminary results 
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ASTHMAA project: preliminary results 
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Characterization of benzene adsorption 

Temperature Programmed Desorption Mass Spectrometry (TPD-MS) 

No correlation of adsorption 

rate with textural properties 

(SSA, pore size)  

Adsorption & desorption 

temperature correlated with 

oxygen groups concentration 

100°C 

115°C 

130°C 



15 

ASTHMAA project: preliminary results 

Response of sensor-system towards benzene 

Lower kinetics of 

response and recovery 

Delayed response 

Room Temperature 

Concentration = 500 ppm  

 

No response for the 

lowest concentrations 

of benzene (< 100 ppm) 

Material CGL-10 CDC CNR-115 

Delay (min)  15  5  120 
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ASTHMAA project: summary 

CNR-115 Lowest desorbed quantity 

Lowest desorption temperature 

Highest delay of response 

High number of  

oxygen groups 

Weak forces of 

adsorption 
physisorption 

CGL-10 Highest desorbed quantity 

Highest desorption temperature 

Low delay of response 

Low number of  

oxygen groups 

Strong forces 

of adsorption 

Strongest 

physisorption 
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