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Fig. 1. Schematic diagram of WM-DAS method. The mea-
sured signal is a sine wave of 1 kHz. Etalon is the light sig-
nal through the interferometer, FSR is free spectral range.
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Fig. 2. Schematic diagram of experimental setup for measuring the spectroscopic parameters of H,S.
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Fig. 3. The distribution of line strengths of H,S, CO, and
H,0.
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Fig. 4. Measured absorption spectra of HoS in the range of
6320—6350 cm ! and simulation results based on HITRAN
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Fig. 5. Measured absorbance of H,S transitions, simulation
results based on HITRAN2020 database and the residuals.
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Fig. 6. Measured absorbance and the qSDVP best-fit results
and the residuals for VP, RP and qSDVP of the transition

centered at 6344.000 cm ! at different pressures.

K 7 M HyS 50 T 1y = 6344.000 cm ! 1% 2k 0
WIS L S5 PRSEIIA 4R, SEaE
Avy, vy, Yo FIIRR S bR B A v (1) FR 49 1T R
IA, IA = PyLS(T), H qSDVP XF il 45 f 4515
F|. XF T340 5 AURFIETE L 1 MR I 45 5 R OR
6] 77 AT 408, i 26 250 HITRAN2020
s e AR S E LR 1. VP H 8 Y, s-aie(To)
/T RP 5 gSDVP H 1Y yys-air (To), TE R A
[Fi] 14) 28 70 PR BIORSLADL S s i 2 58 RS, X6 7 () S 4

024205-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 12 % ¥R Acta Phys. Sin. Vol. 72, No. 2 (2023) 024205
= Ay, RP o = 6344.000 cm !
| — R2=0.9996 | Vg = 6344.000 cm—! (]
0010 Ay VP 0.010 20 ®w uyRP 150

— R?=10.9996 ) — R?=10.9872 ~

— |
‘E A Ay, qSDVP T g Y2 qSDVP ‘E
N — R2=10.9996 ¢ 1A qSDVP g 2 R2 = 0.9740 s
~ =U. S 2
g —— R2=10.9999 > 2 =
4 0.005 F 2 0005 <~ < 10} lio T
S a

IA RP
R2 =0.9999
<« JAVP
(a) R2 = 0.9996 (b)
0 . . . . . 0 0 . . . . . 0
2 4 6 8 10 12 14 2 4 6 8 10 12 14
P/kPa P/kPa
B 7 (a) vy = 6344.000 e (YRR Avp Bl TA 5 KT LML 4521, 435 B VP, RP #1 gSDVP 15 51; (b) vy 5 K J1 &ML

BHR, M RP 33 v, 5 MR G Z R, t qSDVP 143
Fig. 7. For the transition centered at 6344.000 cm !
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Table 1. Measured spectroscopic parameters of the H,S transitions in the range of 6320—6350 cm ™.
| Yts-air (T0) /(1077 em-atm™) Bo (To) / 2 (To)/ 8 (Ty)/ (103 cm 2-atm )
vo/em v Meas. Ref. (102 cmatm ™) (107 cm-atm™) Meas. Ref.
6320.605 VP 8.99 ¢ 8.81 2.57 @ 2.63
RP 9.18 " 2.80 ¢ 2.65 *
qSDVP 9.18 7.85¢ 2.65 *
6328.883 VP 8.62° 8.79 3.19 3.35
RP 8.81 P 1.75¢ 3.24
qSDVP 8.83 0 5.89 ¢ 3.26 @
6336.617 VP 7.87" 8.26 4.26 * 3.49
RP 8.08 " 1.05 © 431
qSDVP 8.13" 4.52 P 4.32 2
6340.432 VP 9.07"° 10.4 243 2.66
RP 9.18 > 2.38 2.49
qSDVP 9.16 » 7.00 ® 2.49 @
6344.000 VP 7.79 0 6.96 422+ 3.27
RP 8.00 ® 2.18 ® 4.33 @
qSDVP 7.96 * 7.36 " 4.34 »
6347.749 VP 8.62 P 8.40 2.24 2.36
RP 8.79 # 2.40° 2.29 2
qSDVP 8.75 7.80 © 2.30 @
TE: ARHE BE0—2%; PAHIE BE2%—5%; “AiE BE6%—10%.
T LA E . AR S(T,) 1 i AN E B /)N 4.2 ABEEHSH
T 27, B THIER T SEE (FRER 5%— LRI A LA B S0 A T A0

10%). 7E P BN 6336.617 cm ! Al 6344.000 cm !
Wb A TR S5 AR 58 A T G LR, AL BRI A
R BT T2 E IR T AR 2], ZESCFR
AL, % 1 Dol R ES o E
BIGL PRI TE L S(Th).

FESENT. S U B EHEE I 5 et
i e, FIRREL, W) U WIASHRRERE o BRI CanT 28290
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Ho o, AN EL & e, WUASHRE BE . X T A
JCIE B AN E B AR R R R TR

1) Ky P, 9256 fiv A AL 7~ 028 3 0 0 i AN
FERER 0.1%, A3 U 5XHELSE (Avy, vy, 7,
B¢ TA) F P AERAPERUS I AR RERAROC, PRI &
WERBE U, AR oy WRIEE/NT 0.1%.

2) MR REIL G RIS LS8, Avy, vy,
Vo B TA, SN A S OGRS A AU 5 i
L ZIAfETEsk 2, I H A RIZ A R B T 5 1Y
B2 ANTA], HONE B Ros AR 22 T il i 22 5
WSR2 LY, 1R RS2 B S ORI FE Y 2

3) WEIRE T, SCRe e il T kAT, AT
HIRZE/NT 0.2%, % H R X B E 5
U

4) HoS WREE x, HoS Pt AR B vk BE AU
AN e g R Al R IR 22 ) AT E /N T
1%, 2R ZE S E BRI/ N T 1%.

5) U/PHIEHR AU/AP, %58 U5 PitfT4k
PERLG IR AR 22 LR R X U/ P AN 2 BE Y
SO T Lk B, (o SN BERE I 0—5%.

6) In(U)/In(T) AR Aln(U)/Aln(T), U5
TIRMRERICR, n R AH R IR BEFE B, DK = Al
TR B HERR T BN FE R TR, A SC
HSERIE TS Ty M2 1 K A4, IR ER
1 B R SE A AR /).

5 # #

ASCRH DAS E7EH R R T8 11.92 kPa 1
S R T HyS 7E 63206350 cm I Bl
W TH , X IR 6 4HERDRETE 103 cm 2-atm !
ERAERE L, o Ay 2 S L e BEIE
S WA BRAT 1Y B IR, S B 2 1T 4351 7 A B
FIELR. SR T SR R AR L ) WM-DAS 0 &
X6 41 FRAE IS 2 1 R Ui, 430 VP, RP ORI
aSDVP eREO W OR 3R 4T fe /N — e fUl &, Horp
aSDVP X} HyS W IS5 I 5t F 44004505 B o s, %
ZERRUEZEARE T 1075, SN 2 1) 1 o B A 3
A HITRAN2020 #2055 (6 0 ,s-air (T0) 1 S(T)
SR, LIRS H AN B ( Ty) Fl(T,) Z%L,
oS X e 2 SR A AN R BE AT WA T
B H AR, VP X IRCR A S 1Y

Yty s-air (T0)/NFH RP 5% qSDVP FA5H89 Y, s-air (o),
S(To) FRMEATEREA 0—2%, Yi,s-air (T0), Bo( To)
v, (Ty) AN E /N T 10%.
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Abstract

As a highly corrosive and highly toxic gas, hydrogen sulfide (H,S) is an important intermediate product or
pollutant in many fields such as chemical industry, energy and environment. Accurate online measurement of its
concentration is of great significance for process control and production safety. Tunable diode laser absorption
spectroscopy (TDLAS), as a quantitative absorption spectroscopy technique, is suitable for high-precision on-
line measurement of HyS concentration in atmospheric environmental monitoring and industrial processes
control. Considering that most of the spectroscopic parameters of HyS in the HITRAN2020 database are mainly
calculated based on semi-empirical theoretical model and the experimental data to support them are lacking. In
this work, direct absorption spectroscopy (DAS) method is firstly used to measure the absorption spectra of H,S
in the band of 6320-6350 cm™. Six groups of characteristic lines with strong absorption and relative independence
are selected as the target transitions for experimental measurement. Then, the wavelength modulation-direct
absorption (WM-DAS) method with no calibration and high signal-to-noise ratio is used to measure the
absorbances of the six groups of transitions under different pressures. Voigt, Raution and quadratic speed-
dependent Voigt profiles fit the measured absorbances by least squares method in order to obtain the
spectroscopic parameters such as the collision broadening coefficient, line strength and Dicke narrowing
coefficient. And the minimum standard deviation of residual error of absorbances is 7x107°. The measurement
uncertainty of each line strength is less than 2%, and the uncertainty of collision broadening coefficients, Dicke
narrowing coefficients and the speed-dependent coefficients are all less than 10%. This work is helpful in
improving the HyS spectral database and providing the spectral data basis for the high-precision measurement

of H,S concentration.

Keywords: hydrogen sulfide, wavelength modulation-direct absorption spectrum, collisional broadening, line

strength
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