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Abstract—The development of new chemical sensors for the 
detection of formaldehyde, a ubiquitous and carcinogenic 
indoor air pollutant is described. These sensors are based on 
the use of nanoporous matrices acting as sponge to trap the 
targeted pollutant and doped with Fluoral-P for a selective 
detection of formaldehyde. A colorimetric pollution-warning 
kit, which displays a progressive color change visible by eyes, is 
provided for homes. For a quantitative and precise 
measurement of the air quality in public area, a low-cost 
digital device is available. 
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I.  INTRODUCTION  
During the last decade, the increase of the awareness of the 
importance of indoor air quality and its potential impact on 
human health has stimulated an interest in formaldehyde, a 
carcinogen for humans [1]. Because of its numerous 
emission sources (plywood, isolation foam, adhesive resins, 
cosmetic, etc.), CH2O is a ubiquitous indoor pollutant whose 
concentrations can vary from a few ppb to more than 100 
ppb in homes [2]. As most of humans spent 80 to 85 % of 
their time indoor, the  Agency for Toxic Substance and 
Disease Registry (ATSDR) recommends, for a chronic 
exposure during a whole life, a formaldehyde concentration 
as low as 10 μg/m3 or 8 ppb (part per billion) [3,4]. 
 
Over this domain of concentration, a few methods are 
commercially available, such as gas chromatography 
combined with a methanation process or the Hantzsch 
method involving the bubbling of the contaminated air in a 
liquid reactant [5]. However, those sensors have a few 
drawbacks in terms either of simplicity of the sampling, 
heavy maintenance or high cost of both apparatus and 
consumables. More recently, new low cost and portable 
systems have been proposed with a colorimetric method, but 
the detection limit is higher than the recommended value. 
The colorimetric gas sensor using 4-amino hydrazine-5-
mercapto-1,2,4-triazole (AHMT) is not selective towards 
formaldehyde and its detection limit is only 40 ppb [6]. The 
enzyme-based badge, Bio-Check, developed by Dräger is 
selective to formaldehyde but the sensitivity is only 50 ppb 
[7]. Therefore, the development of a low-cost, fast and 

sensitive sensor which can detect a wide range of 
concentration (1-200 ppb) of formaldehyde is an important 
and significant challenge.  
 
In the present work, we will describe the strategies aimed at 
developing a new chemical sensor based on nanoporous 
matrices doped with Fluoral-P, which reacts selectively with 
formaldehyde to give a product, 3,5-diacetyl-1,4-
dihydrolutidine, detectable in the visible region. This 
method allows the detection of ppb amount of formaldehyde 
in indoor air. The overall system has been patented [8]. 
 

II. EXPERIMENTAL 

A. Synthesis of the nanoporous monoliths doped with 
Fluoral-P  

Nanoporous monolithic matrices of inorganic polymers 
(SiO2) were prepared via the Sol-Gel method using as 
precursor Tetramethyl orthosilicate (TMOS) and (3-
Aminopropyl)triethoxysilane (APTES) (Fig. 1). Briefly, 5 
mL of Fluoral-P solution (0.85 M in methanol) were cooled 
at -20°C, then 3.5 mL of TMOS, 0.17 mL of APTES and 
1.75 mL of water were added successively. This mixture 
was poured in specific molds. After the drying process, 
monolithic blocks with 12x5x2 mm dimensions and doped 
with Fluoral-P (3.2 M) were obtained.  
 

 
Figure 1. Schematic representation of the synthesis of doped monoliths 
via the Sol gel process. The Sol is transformed into a Gel via two reactions, 
the hydrolysis of alkoxyde to silanol groups and the condensation of silanol 
to siloxane groups. The two yellow and orange monoliths on the right 
correspond to monoliths exposed to formaldehyde with different duration, 
few days and few months, respectively. 
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B. Generation of calibrated gas mixtures and detection 
set-up 

The calibrated gas mixture (CH2O + N2) was generated by 
purging a diffusion tube containing the solid CH2O trimer, 
paraformaldehyde, with a constant flow of nitrogen (110 
mL.min-1). The diffusion tube from Calibrage is maintained 
at 90±1°C in a temperature regulated oven. 
 
With a two stage dilution system equipped with four flow 
meters, it is possible to vary the CH2O concentration over a 
wide range of concentration from 400 ppt to 3.5 ppm. 
Humidified CH2O mixtures were prepared by injection of 
water vapor coming from a Bronkhorst controlled 
evaporator mixer, equipped with a temperature controlled 
oven.  
 
The detection system is composed of a flow cell inserted in 
a cell-holder equipped with two optical windows. The two 
windows are connected via optical fibers to a lamp and a 
miniature spectrometer (Fig. 2). 
 
 

 
Figure 2. Detection system. The atmosphere to be analysed is pumped via 
micropump (a) (0.2L.min-1) into a flow cell (b) containing the monolith. 
The flow-cell is inserted in a cell-holder (b) with optical windows is 
connected to a lamp (c) and a miniature spectrophotometer (d) which 
measure the absorbance signal.The whole system and signal processing are 
driven with a computer (e). 

III. RESULTST AND DISCUSSION 

A. Principle of formaldehyde detection 
Upon exposure of a monolith doped with Fluoral-P to a gas 
mixture containing formaldehyde, CH2O diffuses into the 
pores and reacts with two Fluoral-P to give 3,5-diacetyl-1,4-
dihydrolutidine (DDL) (Fig.3), which absorbs in the visible 
domain (Fig.4). 

 
Figure 3.  Formation of DDL 

 
Figure 4. Fluoral-P and DDL absorption bands in a nanoporous 
matrix.The thickness of the matrix is 100 nm. 

 
Thus, CH2O can be quantified via the variation of the 
absorbance of DDL at 410 nm as a function of time. 
 
Figure 5 displays the kinetics of formation of DDL when a 
monolith doped with Fluoral-P is exposed to a constant flux 
of the gas mixture containing 40 ppb of formaldehyde. For a 
fixed gas flux, the slope of the rise curve corresponds to the 
rate of formation of DDL and is proportional to the 
concentration of formaldehyde. The slope value is constant 
over ~42 hours, during which only 2.5 10-3 mol.L-1 or 
0.078% of the Fluoral-P present in the monolith was 
consumed. 

 
Figure 5. Rise of DDL absorbance during a continuous exposure of a 
monolith doped with Fluoral-P (3.2 mol.L-1) to a flux (220 mL.min-1) of Air 
+ CH2O 40 ppb. Kinetics of DDL formation over a long period. 
 

To check the lifetime of the sensor and its response under 
various conditions of flux, formaldehyde concentration and 
relative humidity, we have performed various studies with 
the same monolith, using a pulsed mode of exposure to the 
pollutant. 
 

B. Detection of CH2O via pulsed mode and calibration 
curves 

The sensor is exposed to short pulses (10 to 30 min) of the 
gas mixtures containing various concentrations of CH2O and 
to different fluxes. For each exposure, the variation of 
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absorbance was collected as a function of time and the 
corresponding slope was determined (Fig. 6). 
 

 
Figure 6.  Response of the sensor to CH2O pulses. Rise of DDL 
absorbance during the exposure (18 min on and 15 min off) of the monolith 
to different flux of Air + CH2O 40 ppb (S corresponds to the slope value 
(10-4 min-1)). 
 
For a given flux of exposure, the plot of the slope values as 
functions of the pollutant concentration corresponds to the 
calibration curve (Fig.7). One can also note that increasing 
the flux induces a linear increase of the response of the 
sensor. This preliminary result is very important since it 
could mean that the sensor could be used over a much wider 
range of concentrations. For very low concentrations of 
formaldehyde such as 1 ppb, one could increase the 
exposure flux to high values, while for concentrations 
higher than 250 ppb, the flux can be lowered down. These 
points will be addressed in the coming studies. 
 
As water is a major interferent for most of the sensors and in 
particular for formaldehyde sensors since CH2O is 
extremely soluble in water, it is necessary to establish 
calibration curves for various gas relative humidity (R.H.). 
This work is in progress and the results will be available by 
the conference date. 
 

 
Figure 7. Calibration curves at various fluxes. (S corresponds to the slope 
value . 
 

As regards to the lifetime of the sensor, for each experiment 
involving one given flux and one concentration of 
formaldehyde, 5 to 10 measurements were performed and a 
mean value of the slope was calculated. The concentration 
of formaldehyde and the intensity of the flux being varied 
four and three times, respectively, the number of exposures 
of the monolith to formaldehyde is equal to ~ 90, which 
corresponds to a total exposure duration of 1620 minutes. 
Over this period, only 0.068 % of Fluoral-P has been 
consumed. This preliminary results indicate that it will be 
possible to perform at least a few hundreds measurements 
with a same monolith. This property will be checked in a 
coming study. 
 

C. Detection of CH2O under a passive mode of exposure 

Our second objective was to provide a pollution-warning kit 
for homes. For such purpose, the color change of the 
monolith upon a passive exposure to a polluted atmosphere 
must be visible by eyes. We demonstrate that this objective 
can be fulfilled with the same monolith doped with Fluoral-
P. Figure 8 displays the results obtained with the exposure 
of a monolith positioned in two different ways, with one 
large face up-side down unexposed to air (1) or with both 
large faces exposed to air (2). The experiment took place in 
an occupied office whose total volume is equal to 65 m3.  
For a visual detection, a photo is taken each day. For a more 
accurate measurement, the absorbance at 410 nm of the 
sensor is measured every three days. The formaldehyde 
concentration in the room was daily measured with a 
reference method, by sampling the air with the Radiello 
cartridges, which were then analysed via liquid 
chromatography in the Laboratory “Service Central 
d’Analyse” of CNRS. The concentration of formaldehyde 
varies from 7 to 10 ppb during the measurement period. 

 

Figure 8. Exposure of a sensor in an office at 10 ppb of CH2O. 
Monitoring of DDL formation 410 nm over time by spectrometric 
measurement and by taking the photos of the monolith.  
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It can be seen from figure 8 that two different but linear 
regimes of coloration exist which depends on the position of 
the monolith. The values of the two slopes are respectively 
1.2 10-5 min-1 and 2.7 10-5 min-1. The linear variation of the 
absorbance of the DDL shows that the concentration of 
formaldehyde in the room is stable, in agreement with the 
analysis conducted with the reference method (8.5±1.5 ppb). 
The slope of the curve is indeed proportional to the 
concentration of pollutant in the air. The calibration curve 
corresponding to the static mode of exposure of the sensor 
will be established, using a 50 L experimental chamber, 
where the formaldehyde concentration can be varied over a 
wide range. 
 
With the present sensor, we will participate to a campaign of 
measurements of indoor air quality in French nurseries and 
schools starting in September 2010. The measurements will 
be conducted by the local associations; Associations 
Agréées de Surveillance de la Qualité de l'Air in charge 
of the air quality monitoring, with the technical support of 
the Institut National de l’Environnement et des Risques 
Industriels. 
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