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Table 1. NHj absorption line and main parameters.

CIVES ek Znk JRTE HETE % T HH R4
Isotopologue v/emt S/(cm!/(molecule cm ?)) Vair/cm -atm! Vsert/ e t-atm ! Afst

4NH; 1103.43047 7.119 x 10720 0.0875 0.452 7.183

UNH; 1103.43432 6.131 x 10°% 0.0933 0.521 5.263

1NH,4 1103.44122 1.514 x 101 0.0818 0.388 8.654

4NH, 1103.46978 7.756 x 1072 0.0763 0.328 9.694

1NH,4 1103.47951 8.172 x 10°% 0.0994 0.595 2.877

1NH, 1103.48575 7.824 x 1020 0.071 0.274 10.32

%
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— e 1
skt |—f e | K A i S R VS PR R pseeeren)
. ops UL B
e I b
! it | L e
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FI1 QUL HEHE 90028 T B

Fig. 1. QCL characteristic measurement experimental device diagram.
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Fig. 2. Experimental gas path diagram.
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HEERWIFSEAE 0.01 °C JEFBINAEE, Bobasf b
PRI BIERS (14 d J5), WE 3(b) iR,
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Fig. 3. (a) Signal drift without secondary temperature con-
trol; (b) signal stable output after adding temperature control.

4 @R T &SHIE N 100 ppm, 4K
{55 H3K 50 Hz, WEIE(EN 0.1V, H2HH 9: 1
FIH EAEOL T, NIRRT TA/ERE T QCL fh
OPERAE.

p ] 4w, QOL 1 rps 9 4K i 7 2 0 FL 3
()36 FOT PRI R, TR PR R A 0.83 nm /K,
L3 R BN 84 nm/A. T S2 B 7 I
1103.4 cm ' BHEAIMIE, BSOS ERIE N 33.8 °C,
HLJ M 400 mA 2247

Spectral characterization: 1=0.40 A

25 C
27 °C
29 °«C
31°C
33 °C ‘
35 C

Intensity/arb. units

9060 9062 9064

Wavelength/nm

9056 9058

Spectral characterization: T'=33.8 °C

0.32 A
0.34 A
0.36 A
0.38 A
0.40 A ‘
0.42 A

Intensity/arb. units

9056 9058

1 1 1
9060 9062 9064

Wavelength/nm

K4 QCL MR, i SIKIXR
Fig. 4. The temperature, current and wavelength of QCL.
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WIS A0 1R 5(a) B . I Wi 2R B i 3 L
o, TCIEATHE. N TR A AR £, R B
BRGS0 1 kHz, W[ 0.060 V, 555
9:1, R EZ AW LR 2 25.4 Torr B,
HH AR R AL 135 £ 328 9 4 5 R 3 B T L, 1] 5(b) iR
TR N 25.4, 19.7, 12.6, 8.5 F1 3.2 Torr F
) SAE IO TS

10
(a)
— 760 torr
8 -
<
N
&
‘B
g
E 4
2
1}
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_9 . . . . .
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b
3 -( ) — 3.2 torr //é
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Fig. 5. (a) Characteristic absorption spectrum signal of am-
monia gas under normal pressure; (b) characteristic absorp-
tion spectrum signal of ammonia gas under different pres-

sure.

BT 5 T DL, I 6 2RI 2 2 Tk
IINTBH 5 B TR, ELWRCHE 42 1 F 5 B P38 A 1
W/, S AR IO B (355 AT B0 5
FEHEAT Voigt 27 1) 2 2400 4 1550 T 4 4 lie 2t
FOHLA S5 (14 6).

HIPE 6 T LA, 2RI B — B, bl
5 VE I HIVEAIE, TR A 4 B 1 A i, 4% 4

IR SRR PR, DA 75 2 IR MO R

EEITHRLAIEIR 2, 7F 3.2 torr R Z it
BHPLE TR ZZ LN 2.42%. [A)FRXT S0 Th—2H )
ZME T PLEER 2 AT IR, AR 2.42% —
8.92%. JEJTERAK, YGig AT, ZLIUA Ak
251N,

0.7¢ — 25.4 torr
E ---- 19.7 torr
0.6 : 12.6 torr
o 05 — 8.5 torr
< L — 3.2 torr
€ o0af
< L
=
5 03f
1 L
e}
< 0.2}
0.1F
ok
C 1 1 1 1 1 1
1103.38 1103.42 1103.46 1103.50

Wavelength/cm~1!

K6 AR T % R L& 45
Fig. 6. Fitting results of various absorption lines under dif-
ferent pressures.

4 LR

4.1 LKRITESTHEEST

WRIGAR (2) HE A/mL 5 PRYLIEMA 45
S v NI A - i O O S
1103.43047 F1 1103.48575 cm ! A (& 7).

T E RS RN 6 SR MR, ok
H5 HITRAN B4l FEHEATXT L (36 2). (RESE
BN p 2 sm 4t 5 HITRAN o 17 h 2k o 5o
TREEE2.71%—4.71%;1103.43047 F11103.43432 cm !
X2 MR AEAR R S AR B 28 %, 15K
T ZLPA w2 AT K.

F 2 LRMELR S HITRAN B8 PExT H /8T
Table 2.  Comparison of experimental
ment line strength and HITRAN database.

measure-

vp/cm ! Si/cm 2atm ! Sy/cmatm™  E/%
1103.43047 1.78339 1.70439 4.43
1103.43432 1.53589 1.46362 4.71
1103.44122 3.79275 3.6901 2.71
1103.46978 1.94297 1.87825 3.33
1103.47951 2.04718 1.97089 3.73
1103.48575 1.96001 1.88383 3.89
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Equation y=a+tbx -
0.07 | V(\lie\gm N:\v\‘ightiug (a)
ua SU ) 693381077
of s ]
0.06 - d uare  0.99274
Value Standard error
H1 Intercept  0.00161 0.00138 )
~ 0.05 H1 ::k»p.-,p 1.88383 0.07199
I
5 004}
<
fg © Measurement
;C\ 0.03 —— Linear fitting
0.02
0.01 1103.48575 cm~!
0 . . . . . .
0 0.01 0.02 0.03
Pressure/atm
0.06 (b)
®
0.05
Value Standard error °
B Intercept, 7.18188 0.00133
C\L 0V04 L B Slope 1.70439 0.06911
5
<
~N o 0.03 F © Measurement
8 ® : gt
~ —— Linear fitting
< e
0.02
0.01F 1103.43047 cm~!
0 1 1 1 1 1 1
0 0.01 0.02 0.03
Pressure/atm

7 S e 1 2% I e £ 1 Ol 1 R
Fig. 7. Spectral line strength values of each absorption line

measured by experiment.
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2579 10/5000 = 0.2%2%; AR 4 S5 & 4 14 156
ZROAT At L2 AR B A T o (B A AN o R
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AR S8 SRR B U NV AR ) TR B IR SR IR
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(22 W st AT ) e H i 22 ).

FRIE DL 2R i AU E B SR, 15
FT 1103.4 cm ' BT AIRER 6 2RZ I
L nm N (€ 3). AR (7) A 3
SR 2R R T B 2.44% < AS < 8.93%, KT — i
FRRTELR LR (< 5%), XGRS SR, Lin
D2 P AN 2 T 2 B R B IO 1) 40 5 i
K.

Horp o A A RSB RS OG B A AN 22
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ST ) AN

4.2 BEXENREREFEHRAR
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W 2 £ 2 FAE Ry S, BSOS 5 8
LAPLAAE R BOERE, SR S5 5E F A Ao
PR ORI R e B T AR TG “mi i X, B
AT ZALAIRRZE . BFo8 00 244 2 43843
B AT PR AR T 2R e A5 B 1 R B TE 4k
B 5 H L PRME AT R 2 ¢, HSEBRg s AL 7
BRE A G, RO B /NT 20 MHz i i
LESHITRE ) X RZEF, AR SCHE
TR HBEAR R 43 B B IE 5k, R —
W2 AT 28 114 R A T Y B I i SR VR B, PSR OSE S4 4
((8) 2X). MRHELH: hd, KB ik HAa 1Tk,

RESMET, n kWU TN E IR, SRHk
FERT AR N

_ 1 Al AQ An
m_nPL<Sl+SQ+'”Sn)' ®

Hof Ay, Ay, Ay B2 15 SR X I R LS 1
HEHE; 81, S, , S ARSI LR, LAST R
R 100 ppm ZAEAR SR T HORFIE GG &
HITRAN HICH0 A 1) 2 5 F1 52 30 0 2 5, R AS

F 3 RSN A E

Table 3.  Uncertainty in the measurement of the intensity of the overlapping spectral line.
U GRE R JEBRAA WEERA JEREIA T EERA LIRAYA
KU LE AA/% W AP/% W Am/%  WOERE AL/% O WGERE AT/%  WOERE AS/%
min 2.42 2.44
0.15 0.2 0.2 0.1
max 8.92 8.93
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F4

SEUR N LR S S HITRAN B A2k S sk VR X Ao

Table 4. Contrast analysis of experimentally measured line strong inversion concentration and HITRAN database line

strong inversion concentration.

THRUE/ HITRANKCE 43 S BRI SRR SR
torr FEHE my /ppm W my/ppm W2 /% W2 /%
3.2 104.98 102.55 4.98 2.55
8.5 103.89 101.94 3.89 1.94
12.6 102.90 101.40 2.90 1.40
19.7 103.08 101.07 3.08 1.07
254 103.22 101.00 3.22 1.00
31.8 106.23 102.88 6.23 2.88
90.7 108.53 104.91 8.53 4.91
760 108.86 104.93 8.86 4.93

5 AR ARURER LS R
Table 5. Comparison results of different pressure and standard gas concentrations.
J&J1 P/torr JLTHR L PG m/ppm
my, My/ppm 3.2 8.5 12.6 19.7 25.4 760
my 156.68 155.32 154.73 154.79 154.81 159.62
19168 my 154.12 153.54 153.05 152.77 152.70 155.48
my 207.13 206.67 205.14 205.45 205.86 210.97
20200 my 205.25 204.73 204.29 203.88 203.82 207.06
my 256.08 255.03 254.26 254.45 254.71 260.25
20034 my 254.37 253.79 253.25 252.91 252.86 256.61
my 420.47 419.73 418.18 418.55 418.94 423.77
500 my 419.65 418.33 417.61 416.87 416.76 420.51

o3 B IR S T 7 1k AR 43 5 B i o i vk
MR (7) A0 (8) 2 8 & He AN A 5 AR e
HTF BRI EE, IF LB A R 22, &5 Rk 4
F7R.

i 4 AT, SRR Z6F T (3.2—25.4 Torr)
HITRAN £ 48 PR 4 i S e ¥ 5 S B Ot 22 20 7
3%—5%, LI 2 5 S T Mk 5 S P 2 24
16 1% 3%, W/NT HITRAN S8 e 0405, 1
1 I e N R RN = NER (1 =3 i WA S R B A = AT 3 A5F
M3 M\ 31.8 Torr JF 4G M 1) % =g, 115
{B55 S B R A i 2 B T () T i T O, TS i
F2 T PR AE BT 4 R (B AE 19.7—25.4 Torr Z [H];
M JIHE/NT 90.7 Torr B, i IR 43 25 HOG ik
JRUECHR BE 5 AR ) O 22 1E LU R R AN 73 B TR S
TEL TR IR 22 (AN

BRIV E AR E R LRI IR, S
ghEIR N 5 fis:

AR, XA IR BE AR, AR A5 T 38
ZEHRIA /N TR RN IR 2E. BRI UL, A TR R

AT BIRETEL Tk, R B O L R
YR P T VR R IR B sy

5 % b

AET TDLAS FiA, bl 9.05 pm
R TS QCL MOLER TR RRIE A T 9T, 5
B TRIELR V&, 8 BRI H T &R
1103.4 em ! 4b 6 FRIR OGS Y = R AR, 115
T A SRR LR I3 B T S 5 Bk ) AN B
BE, BEAT TR BE RO AT el R SEER 2R
5 HITRAN B EAH2E 2.71%4.71%, 2k
s 00 5k P8 A R R B O B A 40 S
BUA 5, 2975 2.42%—8.92%, WARIE 414 T 52 uisk
SR IS Y VAR BE AR I 25 29 7E 1%—3%, 1T HITRAN
BOHE R b 2 (E RV VR R T AR 22 A 7
3% 5%, VA 25 3 3R AR R L B v A fif
FAAR BIR B TS 2 0 7 2 S AR 40 3 S B 46
T3 43 e BE A TR L, 2 B R 40 25 ok
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Abstract

Due to the important role of NHj; in atmospheric aerosol chemistry, rapid and accurate inversion of
ammonia concentration is very important for environmental issues. In this paper, a 9.05 pum continuous
quantum cascade laser (QCL) is used as the light source at room temperature, and the scanned-wavelength
direct-absorption tunable diode laser absorption spectroscopy (TDLAS) is used to study the spectral
characteristics of the QCL at 1103.4 cm . A low-pressure experimental platform based on two-level temperature
control was designed to measure the six aliasing absorption lines of ammonia at 1103.4 cm !. The broadening of
spectral line becomes smaller under the condition of reducing the pressure, and the aliasing spectra are
separated. The line strength of each absorption line is calculated, and the measurement uncertainty is further
analyzed. A method for accurate inversion of single-spectrum gas concentration by low-pressure separation was
proposed for severely aliased spectra, and experimental verification was performed. By comparing the results
with the HITRAN database, it is concluded that the experimental measured line strength of ammonia gas at
1103.4 cm ! has a deviation from the database of . The uncertainty of the line intensity measurement is mainly
related to the separation and extraction of aliasing absorbance, which is about 2.42%-8.92%. The deviation
between the inversion concentration and the actual value under the condition of extreme low pressure is
between 1% and 3%, while the calculated deviation of the line intensity value in the 2.71%-4.71% HITRAN
database is about 3% to 5%. The results above indicate that the experimental data are reliable. The non-
separative aliasing spectral line method is used to invert the concentration at normal pressure, and the low-
pressure separated single spectral line method is used to invert the concentration at low pressure. The results of
the two are compared. The analysis results show that the low-pressure separation single-spectrum spectral line
inversion concentration value has smaller deviation and higher accuracy from the original concentration. The
study of this method provides reference for future inversion of gas concentrations inversion in the atmospheric

environment and other fields.

Keywords: laser absorption spectrum, quantum cascade laser, line intensity, concentration inversion
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