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Recent advances of sensor systems, based on mid-infrared interband cascade lasers (ICLs) for the detection of trace gas species and their application in atmospheric chemistry, medical diagnostics, life sciences, petrochemical industry, and national security will be reported [1] .

The development of compact ICL based trace gas sensors will permit the targeting of strong fundamental rotational-vibrational transitions in the mid-infrared which are one to two orders of magnitude more intense than transitions in overtone and combination bands in the near-infrared. Specifically, the spectroscopic detection and monitoring of four molecular species, methane (CH4) [2], ethane (C2H6), formaldehyde (H2CO) and hydrogen sulphide (H2S) will be described.

CH4, C​2H6 and H2CO can be detected using two innovative detection techniques: mid-infrared tunable laser absorption spectroscopy (TDLAS) using a novel, compact multi-pass gas cell and quartz enhanced photoacoustic spectroscopy (QEPAS). Both techniques utilize state-of-the-art mid-IR, continuous wave, distributed feedback ICLs and QCLs. TDLAS was performed with an ultra-compact 57.6 m effective optical path length innovative spherical multipass cell capable of 459 passes between two mirrors separated by 12.5 cm.

TDLAS and QEPAS can achieve minimum detectable absorption losses in the range from 10-8 to 10-11cm-1/Hz1/2. Several recent examples of real world applications of field deployable gas sensors will be described. For example, an ICL based TDLAS sensor system is capable of detecting CH4 and C2H6 concentration levels of 1 ppb in a 1 sec. sampling time, using an ultra-compact, robust sensor architecture.

Future work will include the detection of other important target analytes. For example, H2S detection can be realized with a THz QEPAS sensor system using a custom quartz tuning fork (QTF) with a new geometry and a QCL emitting at 2.913 THz [3]. Furthermore, two new approaches aimed to achieve enhanced detection sensitivities with QEPAS based sensing can be realized. The first approach will make use of an optical power buildup cavity. The second approach will use custom produced QTFs of different geometries. The development of cavity-enhanced optical feedback–assisted QEPAS will lead to significantly lower minimum detectable gas concentration levels of < 10 pptv.  

Table 1. Near-IR & mid-IR QEPAS performance for trace gas species (2015) 
	Molecule (Host)
	Frequency, cm-1
	Pressure, Torr
	NNEA, Cm-1W/Hz½
	Power, mW
	NEC (t=1s),
ppbv

	C2H2  (N2)
	6523.88
	720
	4.1×10-9
	57
	30

	NH3  (N2)
	6528.76
	575
	3.1×10-9
	60
	60

	C2H4  (N2)
	6177.07
	715
	5.4×10-9
	15
	1,700

	CH4(N2+1.2% H2O)
	6057.09
	760
	3.7×10-9
	16
	240

	N​2H4
	6470.00
	700
	4.1×10-9
	16
	1,000

	H2S (N2)
	6357.63
	780
	5.6×10-9
	45
	5,000

	HCl (N2  dry)
	5739.26
	760
	5.2×10-8
	15
	700

	CO2(N2+1.5% H2O) 
	4991.26
	50
	1.4×10-8
	4.4
	18,000

	C2H6
	2976.8
	200
	
	1.8
	.74

	CH2O(N2:75% RH)
	2804.90
	75
	8.7×10-9
	7.2
	120

	CO(N2+2.2% H2O)
	2176.28
	100
	1.4×10-7
	71
	2

	CO (propylene)
	2196.66
	50
	7.4×10-8
	6.5
	140

	N2O (air+5%SF6)
	2195.63
	50
	1.5×10-8
	19
	7

	C2H5OH  (N2)
	1934.2
	770
	2.2×10-7
	10
	90,000

	NO (N2+H2O)
	1900.07
	250
	7.5×10-9
	100
	3

	H2O2
	1295.6
	150
	4.6×10-9
	100
	12

	C2HF5  (N2)
	1208.62
	770
	7.8×10-9
	6.6
	9

	NH3  (N2)
	1046.39
	110
	1.6×10-8
	20
	6

	SF6
	948.62
	75
	2.7x10-10
	18
	0.05  (50 ppt)
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