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Fig. 1. Schematic of TDLAS setup (DFB: distributed feed-
back; D: detector (InGaAs); VG: Vacuum gauge; BV: Ball
valve; NV: Needle valve).
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Fig. 2. Detector signal and scanned relative wavenumber for
NH; in 4296.4-4297.7 cm ! at different pressure.
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Fig. 3. Spectral absorbance and Voigt fitting for 4 spectral lines in 4296.4-4297.7 cm ! at different pressure.
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Fig. 4. Linear regression analysis for (a) integral absorbance and (b) Lorentzian FWHM at different pressure.
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Table 1.  Comparison of measured line intensity and self-broadening coefficient with HITRAN2020 and peer data.
o fem : S(Ty)/(102? cm-molecule™) Ysert/ (cm-atm™)
Cermdk W HT Rypw/% W HT Rrw/%
4296.6529 5.736 5.846 (37) 6.421" 0.63 0.4402(34) 0.5" 0.77
4297.0146 25.82 23.68(15) 29.37" 0.63 0.588(13) 0.5" 2.2
4297.4443 7.023 6.162(39) 7.806 " 0.63 0.2967(27) 0.299 » 0.91
4297.5699 3.541 3.137(22) 3.853" 0.70 0.3118(59) 0.299 @ 1.9
4298.0294 0.6318 0.6343(86) 0.558 " 1.3 0.4465(80) 0.486 " 1.8
4298.1663 0.6375 0.6944(97) 0.00336® 14 0.2741(94) 0.5" 3.4
4298.2543 5.41 5.486(64) 5.999 P 1.2 0.3255(67) 0.328 2.1
4298.8221 0.6283 0.6611(60) None 0.90 0.2634(90) None 34
4298.8582 0.7484 0.6855(61) 0.725" 0.89 0.320(11) 0.327" 34
4299.7252 11.14 9.751(81) 11.16° 0.83 0.3960(82) 0.452 2.1
4300.1409 7.686 6.174(57) 6.921¢ 0.92 0.3958(80) 0.364 2.0
4300.2839 2.045 1.674(23) 1.803" 1.3 0.220(12) 0.255" 54
4300.654 0.5549 0.669(18) None 2.7 0.485(13) None 2.7
4300.7518 1.068 1.1089(86) 0.893" 0.77 0.2138(85) 0.486 " 3.9
4301.131 6.906 6.415(45) 7.385" 0.70 0.3995(54) 0.455 * 1.3
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7 0.51%.

R RE A FIRESE R 58 Ave 19 I0 B R
JE 32 R T 2 B AU 1R 25 FIURE G I O e 1R 2%
1€ OriginLab # {4 H i Voigt pREHLA A [F] &
5T B HOGIEMOGEE, 43 B3 2R [F] s T F5
T AR A, FIELE Rl R 58 Ave, e SR WA B 2
FE u(Agy) B u( Ave ). FAG R b [ 228 )
SESH, WA R EIE AR P, A ROR BT
HH X I8 0B AS B RE B R EEORUE T FP b ifE Y
FSR WA E E (0.2%), 755 RAE S
X o L35 SRS o7 ARG AT 3 A A% A
HIMA R =R AU E, BRIz i ] fE
X7 (AR B B B AN | TR0 BRAR A BB 2 i AR U
BRI B A 1R 25 5 M B OGS WO B AN
FERE, BRI A R Avy BIRHRE BE, s A
B IE T &, HEUE N 1, M ABERE A r(k,) =
0.2%. HHE (6) 2, A Fl Avy BYFRAANTE E u(A)
A u( A ) BTFREA RSN

PN AL T3 ik, st s
A-pL/(kgT) Rl Ave-p 78 X AT Y 5l J5 1) %ot 1 A8
EIATE R, YiEdEs A Av i EREANE
FE RS (9) A1 (10) A HERAS, X i pL/
(kg T) IIASHE B w(X) SRS AS & p, L, TAH
EFERIESS A, HHEARN

u(X) = 2L R A AT, (1)

kT
Hr, r(p), r(L) B r(T) 53508 p, LA T BT

AN 5 BE . o3 A AN 5 B R B R A T 4 1
A, HAZAFRILR S(Ty) A A 58 R 8 v ITEH S
ANHE BE, IR R LRSS IR X R Y oy
] 3040 AN 5 B RN 2 M UL 5 R 8 B () P45
B, TIER S(Ty) RN Ve MBI E B, 455515
LR 2R R A R TE R B AN B k1 i
S(Ty) I+ 45 3 09 AN B B BN 7R 0.63%—2.7%
ZI8), Ve PIAS E BEJOFEITE 0.77%—5.4% Z [H],
T /N T HITRAN B8 22 P () AS 1 22 B 3 1
10%—20%.

RT A a A SENT S(T,) Vs HIAH
FEPETTHR, XF 4297.01 cm * Ab BRI 4 2 B
AFRE AN 22 3 e X} e AN 2 B 1) ok o BL
FFERIHT, S5 RINE 2 s, NGE SR A, TR
p IRE TR IERF k, %t S(Ty) Al s A
E BE DT o7 FUA S, BT IR Ay, FIHELA 1 R
$E Ave, e P DTHR 5 LR, Yoorr FOANHA E BE 2R
TFLMAUEAERE u(kyy), Hotmk b N 92.02%,
SRR L X S(To) PIANEE BE Tk o5 K (65.53%),
PRI AT LA 3l AN A o B B /N ) AR Sl e — 25
/N S(Ty) BIARHAEFE.

2 4297.01 cm ' AR Al A S AR SR R A
B BE ok
Table 2. Uncertainty contribution of different input

parameters for one measurement at 4297.01 cm L.

Index of uncertainty

%ia;n Value urlcgftlzfi\tf;/% contribution/%
S(T) Vselt
p 1.17 x 10® MPa 0.2 10.07 0.82
T 296.2 K 0.21 11.11 0.9
L 81.61 cm 0.51 65.53 5.34
A 0.055837 cm'! 0.203
Ag; 0.055837 cm'! 0.037 0.34
k, 1 0.2 10.07
Frg 1 0.107 2.88
ST e 0
Avp  0.0142 cm! 0.21
At 0.0142 cm ! 0.07 0.1
k, 1 0.2 0.82
Fpg 1 2.12 92.02
Vst 0.588 cm !/atm 2.21
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Measurement research of line intensity and self-broadening
coefficient for NH; spectra in 4296-4302 cm ™"
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Abstract

Spectral parameters of NH; in a range of 4296-4302 cm ! in the HITRAN database are different from the
actual situation as they are derived from theoretical calculations. In order to correct the spectral parameters of
NH; in this range in HITRAN, tunable diode laser absorption spectroscopy (TDLAS) technology and
metrological theory are used to measure the absorption spectrum high-purity NH; in the range of 4296-4302 cm !
at 2-10 Torr. The line intensity and self-broadening coefficient of the main absorption line of NH; in this band
are retrieved and their uncertainty are calculated by comprehensively considering main factors including
pressure, temperature, optical path of gas cell, wavenumber and line shape fitting. The discrepancies between
our measured line intensities and latest peer-measured results are within 20%. The biases between our self-
broadening coefficients and the ones in HITRAN2020 are within 14%. Their uncertainties are in a range of the
0.63-2.7% and 0.77-5.4%, respectively, which are smaller than the uncertainty range of 10-20% in the HITRAN
database. Some of the measured spectral parameters are not recorded in HITRAN. The experimental results in
this work are of significant reference in supplementing and correcting the HITRAN spectral parameters of NH;
in the range of 4296-4302 cm ™.

Keywords: ammonia, laser absorption spectroscopy, TDLAS, line intensity, self-broadening coefficient
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