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Fig. 1. Experimental schematic of CS, tunable diode laser

sensor system.
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Fig. 2. The CS, absorption spectra obtained from PNNL database.
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Fig. 3. The measured N,O absorption spectrum signal and

obtained interference fringes by optical etalon.
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Fig. 4. Voigt fitted line and residual of the CS, spectrum at 2180.65676, 2180.69443, 2180.54844, and 2180.55578 cm™!, respectively.
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Table 1.  The calculated spectroscopic parameters including line-strengths, air broadening coefficients, and the corresponding

uncertainty.
vp/em~1 S(Ty)/cm-molecule ! Uncertainty /% Air broadening/cm !-atm ! Uncertainty /%
2180.54844 9.19 x 102 1.792 0.087 0.336
2180.55578 1.97 x 10°% 4.055 0.092 3.384
2180.65676 2.24 x 102 4.537 0.103 7.098
2180.69443 1.11 x 102 2.232 0.086 14.687
180 7 218065676 om”! (3) X\ (5) A& RAHE MY, iR BX
[ ] . cm—
© 15.0{ 4 2180.54844 em”! JE FE AN S BE 1T 4331 e g 20
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S 1204 — Liner fit a5 2 a5 2 oS 2
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2 ool <8A> op oL
B}
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Avyy = (a}meM> A2y, (HWHM)
5 2180.65676, 2180.69443, 2180.54844 12180.55578 cm ! VL ( W )
b CS, SRR A 555 e
2
Fig. 5. The linear fittd results of line-strength of the CS, at + < ayair) A2P. (7)
amr
2180.65676, 2180.69443, 2180.54844, and 2180.55578 cm . 0Py 7

URTERKUA (181 7).

N T LB UETE R L 5 s U T R
JCTE SR A TERA T, AR SORE XS PO 28352 0 i £k
56 LR 2 SR 58 A B AN E BE EAT IR h T

H i AA, AP, AL, AX, AT, Avy (HWHM),
APyl N A, P, L, X, T, vi (HWHM), Py
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SIS A S R bR, B TR [E] R R

Absorption
=)
T
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Wave number/cm~1!
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2180.55 2180.60

2180.65 2180.70 2180.75
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[# 6 2180.65676, 2180.69443, 2180.54844 Fl 2180.55578 cm ! &b F 1% CS, MR &S M B4 45 5
Fig. 6. The Voigt fitted results of mixed gas containing 1% CS, spectrum at 2180.65676, 2180.69443, 2180.54844, and 2180.55578 cm

respectively.
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Fig. 7. Linear fit of Lorenz linewidth for different pressures

at 2180.65676, 2180.69443, 2180.54844, and 2180.55578 cm !,

respectively.
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Abstract

Carbon disulfide (CS,) is a toxic volatile sulfur compound with flammability and harmfulness, which can
seriously harm the human health and threaten the industrial production safety. Therefore, it is of high
importance for monitoring CS, concentration in the air. Tunable diode laser absorption spectroscopy is very
suitable for the detection of trace gas for it possesses high sensitivity and fast response. And the precise
knowledge of spectroscopic parameters is essential for deducing the CS, concentration. However, primary
database including HITRAN and GEISA lacks spectroscopic parameters of CS,. Thus, to address this issue, a
measurement system of absorption spectrum is built for determining spectroscopic parameters by using a
quantum cascade laser with narrow linewidth and high output power operating near 4.6 um as a light source. In
this paper, direct absorption spectroscopy is used to measure the CS, absorption spectra under different sample
pressures and the environment temperature is controlled at 296 K, which is adjusted by an air conditioner. We
intensively study the absorption spectra of CS, in a range between 2178.99 and 2180.79 cm !.According to the
relevant reports and the need of actual measurement, four absorption lines are mainly measured in a range of
2180.5—2180.74 cm!. Combining with the multiple linear regression algorithm based on the nonlinear least-
square method and Beer-Lambert law, the integrated area and Lorentz line width of measured CS, absorption
spectrum can be determined. Then the spectroscopic parameters including absorption line intensity and air
broadening coefficient are precisely obtained by linearly fitting the integrated areas and Lorentz line widths of
CS, absorption spectra at different pressures. Moreover, nitrous oxide (N,O) absorption spectrum with high
spectral resolution is measured to calibrate the central position of carbon disulfide absorption line according to
its known line position extracted from HITRAN database and the results obtained by etalon. The calculated
results show that the uncertainty of line intensity and air broadening coefficient are less than 5% and 15%,
respectively. It demonstrates that the measured spectroscopic parameters of four absorption lines for this study
can be recorded in the database of HITRAN, which is very important for trace gas sensing of CS,. In the future,
we will further improve the system for measuring CS, absorption line parameters to fill in the gaps in their
spectral parameters in HITRAN and GEISA databases.

Keywords: carbon disulfide (CS,), quantum cascade laser, tunable diode laser absorption spectroscopy,

spectroscopic parameters
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