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Functionnalized Surface Acoustic Wave Sensors for the Detection of Hazardous Gases

In this work, we show the capabilities of Surface Acoustic Wave (SAW) devices to probe the properties of gas sensitive materials for the manufacturing of hazardous gas sensors. The great capabilities of cobalt corroles for the trapping of carbon monoxide (CO) were exploited to produce selective sensors. These corroles were deposited on SAW delay lines surfaces and then exposed to carbon monoxide (CO) in standard conditions. Concentrations of a few hundreds of ppb were measured emphasizing the interest of such sensors for the detection of CO. Another type of sensitive layers exhibiting specific porosity adapted to the trapping of formaldehyde (CH2O) were deposited on similar delay lines. A detection threshold of 140 ppb was shown. These encouraging results pave the way for the development of a functionalized SAW sensors network for multi-gas detection in indoor air.

I. INTRODUCTION

During the last two decades, the potential impact of indoor air quality on human health has stimulated an interest in hazardous compounds survey such as formaldehyde (CH 2 O) [START_REF] Kim | Effect of formaldehyde on the expression of adhesion molecules in nasal microvascular endothelial cells: the role of formaldehyde in the pathogenesis of sick building syndrome[END_REF] and carbon monoxide (CO) [START_REF] Raub | Carbon monoxide poisoning a public health perspective[END_REF].Formaldehyde being a carcinogenic, the World Health Organization (WHO) recommends exposure limit as low as 80 ppb of formaldehyde during 30 minutes [START_REF] Who) | WHO guidelines for indoor air quality: selected pollutants[END_REF]. The French Institute for Health Surveillance (InVS) reports that accidental domestic poisoning by the CO affects about 1000 households in France each year [START_REF] Verrier | Caractéristiques socio-économiques des ménages accidentellement intoxiqués par le monoxyde de carbone (CO)[END_REF], and are responsible for about 100 deaths. The detection of these two compounds has consequently become a need. To address these needs, we here report results on the capability of functionalized Surface Acoustic Wave (SAW) devices for the selective detection of CO and CH 2 O.

A. Materials and Methods

1) SAW devices: SAW delay lines based on Love waves, shown in Figure 1, are used to probe mass, density or elastic properties of sensitive materials deposited as a thin layer on its surface. In this context, together with the manufacturing of the SAW device, we have developed sensitive layers capable of efficiently and selectively trap a target gas. These devices consist in two-port delay lines built on (AT, Z) cut of quartz. The Love wave is generated and detected using interdigited transducers (IDTs) composed of 50 pairs of electrodes made of 200 nm thick evaporated aluminum. The grating period is 10 µm, i.e. a wavelength close to 40 µm yielding a frequency operation in the vicinity of 125 MHz as the wave velocity approaches 5000 m.s -1 . A 1 µm thick silica guiding layer is deposited onto the IDTs providing a propagation path which permit the guidance of the acoustic wave.

The electrical response of the device can be determined using a network analyzer. However, a dedicated and integrated electronics has been implemented and delivers information similar to those from a classical network analyzer. This system includes two separated phase measurement schemes: a rough stage using the AD8302 phase and magnitude detector, and a high sensitivity phase measurement stage using dedicated phase detectors AD9954 with variable gain and low noise operational amplifiers as presented in another work [START_REF] Rabus | High-sensitivity open-loop electronics for gravimetric acoustic-wave-based sensors[END_REF].

2) Formaldehyde sensitive material: For the production of the CH 2 O sensor, two different sensitive materials were tested; a first layer referred as L1 displays a specific nano-porosity allowing the trapping of small molecules such as CH 2 O. A second sensitive layer referred as L2 displays functional groups aimed at improving the molecular interaction with CH 2 O. Both materials were produced via the sol-gel process and were deposited as thin films on the SAW device by spin-coating. The properties of these recognition layers is not detailed here for confidentiality reasons.

3) Carbon nonoxide sensitive material: For the functionalization of the CO sensors, we took advantage of the great capabilities of cobalt corroles to trap this molecule [START_REF] Kadish | Alkyl and aryl substituted corroles. 3. reactions of cofacial cobalt biscorroles and porphyrin-corroles with pyridine and carbon monoxide[END_REF], with a great selectivity toward O 2 ,the main interferent in CO measurement [START_REF] Barbe | Metallocorroles as sensing components for gas sensors: remarkable affinity and selectivity of cobalt (III) corroles for CO vs. O 2 and N 2[END_REF]. Because of the structure of the corroles, small molecules such as N 2 , O 2 and CO can be trapped within by mean of weak interactions. In the particular case of CO, stronger chemical interactions are involved reaching high selectivity for this gas. The use of a variety of cobalt corroles including new structures of corroles complexes represents an innovative aspect of this work.

B. Results

Modifications of the physical properties of the sensitive layer consecutive to gas adsorption lead to a shift of the synchronous frequency of the delay line. Since the phase is linear with the frequency in the vicinity of the synchronous frequency for such a device, the frequency shift can be revealed by a phase shift measurement at constant frequency. The characterization of the adsorption of the target gas onto 

II. CONCLUSION

In this study, we have demonstrated a linear correlation between the phase velocity shifts of the Love wave and the concnetration of the target gases. The experiments were repeated several times to validate the results under various concentrations. We have shown that the use of Love wave devices functionalized with sensitive materials such as corrole complexes or nano-porous layers enables gas detection at concentrations as low as a few tens of ppb for CH 2 O and a few hundreds of ppb in the case of CO. Besides the cross-sensitivity to humidity, these results pave the way to investigating other gas detection with specific functionalized acoustic waves devices.
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 1 Fig. 1. Structure of the SAW device used for the manufacturing of the gas sensors. These sensors are based on a delay line configuration exhibiting a free propagation path (dotted line area) where the sensitive material is deposited.
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 23 Fig. 2. Measurements of CH 2 O concentrations with SAW devices functionalized with sensitive layer L1.
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 4 Fig. 4. (a) Measurements of CH 2 O concentration with SAW devices functionalized with sensitive layer L2; (b) The correlation between the phase shift velocity during the exposure and the concentration of CH 2 O