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Recent advances in terahertz (THz) photonics and nanotechnology have opened the way to sensing applications in an increasingly wide variety of fields, such as information and communications technology, medical diagnostics, global environmental monitoring, homeland security, petrochemical industrial process monitoring, as well as quality and process controls. In particular, THz gas spectroscopy is one of the most effective tools for in-situ and remote gas sensing, since many absorption molecular lines of large interest fall in this spectral region. For example, gas species such as water, hydrogen sulphide (H2S), hydrogen fluoride, hydrogen bromide, nitrogen compounds, present their strongest absorption bands in the TH spectral range.

Among trace-gas detection techniques, quartz-enhanced photoacoustic spectroscopy (QEPAS) is capable of record sensitivities using a compact and relatively low-cost acoustic detection module1. Efficient QEPAS sensors have been demonstrated for trace detection of several gas chemical species1 with a minimum detection limit (MDL) down to a few parts per trillion in volume.2 The THz spectral range can be considered the most suitable for the QEPAS technique, because rotational levels are mainly involved in THz absorption processes and their relaxation rates are up to three orders of magnitude faster with respect to vibrational levels in the mid-IR spectral range. Moreover, the THz region offers advantages in terms of selectivity, because gas molecules have clear spectral “fingerprints” absorption spectra, arising from rotational quantum transitions. These spectra allow unambiguous, more efficient and accurate detection compared to the characteristic ro-vibrational complex structures in the mid-IR. 
Due to the difficulty of a proper focalization of the long-wavelength THz laser beam between the prongs (300 μm) of standard QTF, only recently, the QEPAS technique has been extended in the THz range by using a custom QTF having the same geometry of the standard but six times bigger3. 
Performances of QEPAS sensors can be compared in terms of normalized noise equivalent absorption (NNEA), taking into account the available optical laser power, the selected absorption line strength and the integration time. As shown in Figure 1, THz QEPAS sensors shown the smallest normalized noise equivalent absorption (NNEA) values for QEPAS sensor, confirming the efficacy of this technique in the THz range.
We will review our recent developments in the realization of THz QEPAS sensors3,4. Specifically, on the design and realization of new QTFs with different geometries in terms of spacing between the prongs, their length, width and thickness, aiming to provide an enhancement of optoacoustic transduction efficiency and on the results obtained using these new QTFs in QEPAS sensor for H2S and methanol detection. 
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In particular, with the methanol QEPAS sensor we reached a record normalized noise equivalent absorption coefficient NNEA = 3.75 × 10-11 cm-1W/Hz½, about one order of  magnitude better than what previously obtained3 using custom QTF with standard geometry (see  fig. 1).
Figure 1. NNEA results obtained with QEPAS sensor for the gas species reported versus employed laser wavelength, in the UV-Vis, near-IR, mid-IR and THz spectral ranges. The red star symbol (*) marks the result obtained with the custom QTF with new geometry.
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