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Fig. 1. Schematic of the experimental setup for UV-BAS measurements.
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Fig. 6. Dependence of A;, |A,|, and the relative nonlinear-

ity on the instrumental width.
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BE X Ay, BUEAR A3 HURK, ¢ PREIS 3 Ry
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Fig. 7. NO absorbption spectra in different vibration bands.
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Fig. 8. (a) Nonlinearity of peak absorbance in different bands;
(b) nonlinearity of peak absorbance with the same maximum

line strength in different bands.
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Fig. 9. (a) Nonlinearity of absorption fraction the integral area in different bands; (b) nonlinearity of the integral area with the

same maximum line strength in different bands.
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Fig. 10. Spectrum intensities and absorbances measured by BAS: (a), (b) BAS spectrum intensity; (c), (d) BAS measures absorption.

203302-8


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

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 20 (2022) 203302

i I SRR L. K10 R T B =205 S,
M ICR S HE S5 5. B 10(a) A 1 &
PGIEE S, BLRBEGITE 0.7 s, #F17 100 K
KPR EAREMEEL; B 10(b) AR 2 Bl {E
BAYR BRG] 150 ms, 100 Y. 18 10(c), (d)
SR SR A R S LA S5 AT L. TT LA B
RIGIIRZEETE 2% LA, IEIHELE S5 R TERR 1.
SLE RIS R TR, A IR LA,
i Z2 30 A A 25 R 0 R L A T R AR A5 3 4
LG LI AE R, S S5 RAEIEH AL ) A5 v
BRZZ, S T IR R s AL R B 5, MRS 25 DR I
HHOR I TR K, A Voigt 26U sRETC A
IR TELRAC IR, X EEf o T3S PR iR 22 17

FEIEAL 1 AYALES PRE T F Gauss 28 BUAR 47 1l
ik, 78 226 nm ZETE Avy, = 0.25 nm; HEEAY 2
1Y ) B 7 Lorentz i 4), {#1 ] Voigt £k BT H
R, fE 226 nm &b &8 58 Av,, = 0.39 nm. HiE{L 1
J&FE Avy, /N, ad(v) SRR M R, (Hi T
HAEHE RO, HA G55 RS, 7F
BN R P A, DR A A BRI HLREIL
MR PSRRI B . G 2 A K B S, D
{57 52 WS RZ /0N, DU G o i o ey, (H
Fo Avy, BR. X EH Av, 5K PRI LT
PG, Avy, 18 HE /NS I 5245 2 O 15 BT AN
—E U ANEFREL o, (v) N Gauss PREL, 5K
B i F i AR B I R &4 ¢, (v) 2 & Lorentz
43, A LI Voigt PR 1T H6 B . Gauss 5
Lorentz 2Bt 52 BRI AR e AR 19 72 BE AN [
AHIR B 49 (FWHM), Lorentz 287 [m] P32
TERRRE TR, XIS A Rl AR TR, (IR R I
i M EEWCE ML . 5 Ay, (EBCR, Lorentz i
R, ad(v) BAEZRPE B E . Gauss AU
—EE AR RS, PR E ST on(v)
oy EE.

421 BOKFEMBHIEEETILX A

P11 JRoR T SEER I 5E SCRIE (B o, AUAEZE
PEAT RIS NSRS R TR . R AL 3
WIS, BEaSFRLRmEEIR. sl 5
IR B A X R 22 76 £5% MBI N, R IHEES T
B ARG MR IR AR LR T 0. IS 1 A o
B om(v) AT LA Gauss ZRRUAR 4 M AR . S B0k
BRI R, AR PR AR R 9 Avy, FERY

& A (B A5 20 A R I AR M 2 T o =
5.720 x 103z — 8.073 x 1022 + 6.105 x 1093,
Horp o WERIRRE XL E 12 X TR E 20
SR ZEIR. AXHRZELE 8% LI, FE/MIERH T £
X RBOBE PR T SEME . R R, A
B0 < XL < 5 x 104 m yuFEN e AEL 47 I
25 th 200X R AL, i 2 TR AR I i A
WIEAEAE LA T o0, TS R (25 R iR 22 K
K. JE ST ST 1 2T R B RE A
K ART AL SE BRI e B, A T i AR G B AR R B
Avy, S5 AT LUREAS 3 af B XL A2 2301
KR, IR ISR, A HEENESE X

1.6 F — Hipi+E
* O
Fou A Y2
& 1.2+
=
g
X 0.8f
&
T 04t
o , , , , ,
#
® 0.03f
7 of M‘
junag
< _0.03 ) ) ) ) )
0 100 200 300 400 500

H2EIELRE

11 R A e (i I Y A JE R AR AL AR
Fig. 11. Dependence of the peak absorbance on optical

thickness.
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Fig. 13. Dependence of integral area of absorption fraction

on optical thickness.

5 % #®

NO fENEEIG YY), BT HEIN LS
ZERRE AR, ARLAE IR, 2 S PRI R Ok

W K. A NO R I (E 5 W 50R
T FRURE Y27 B 11 = P A b [ R A 7 B3 0 i
B, nfLLREE MU 6 5.

1) WFFE BRI ORI AR RT3
BT ISCR WA AR 2 B BEA A R TE i AR AL &
PR YA S R e T T Ak B SR TR, AN T
X AR T R AR f K

2) THEARER YT NO v (0, 0) R
RIGHIER AR TR, 44 Tk A X —
URIIL . R R A S AR L i B e e S i AR AL R
BHEFTAHT, R B NO AR I AR Bl A 5
e HAR R AT 2o = AR Y Ay, <
0.018 nm 5 Awy, > 0.066 nm I, JFLeMEEEREI A
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NO WSO I 5 BE T A 25 A7 X e Ml
RIGMEARL AT AR HR 22N T 4%, B AR
FIFIXT IR 22 /N T 6%, EIABRIS T B e . 0%
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INF 8%, UERHESCHE 22 iy ] S
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Table Al.  Polynomial coefficients in different Av,.

Ay, /nm A/103 Ay/10° As/10°8
0.010 16.572 -2.120 1.499
0.015 13.854 -2.170 1.728
0.020 11.977 -1.912 1.646
0.025 10.828 1.624 1.460
0.030 10.087 -1.374 1.208
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AL (ZE) RREERETE Av, T 2R EE
Table Al (continued).

different Ay,

Polynomial coefficients in

Avy, /nm A/103 A,/10° A3/10°8
0.035 9.619 -1.229 1.046
0.040 9.281 -1.143 0.952
0.045 9.010 —1.084 0.891
0.050 8.779 1.041 0.846
0.055 8.576 —1.008 0.812
0.060 8.395 -0.982 0.785
0.065 8.231 -0.962 0.763
0.070 8.081 -0.945 0.745
0.075 7.943 -0.932 0.731
0.080 7.815 -0.921 0.719
0.085 7.696 0.911 0.709
0.090 7.584 —-0.903 0.702
0.095 7.479 -0.896 0.695
0.10 7.379 —0.890 0.689
0.15 6.596 —0.849 0.653
0.20 6.038 0.818 0.631
0.25 5.577 —0.786 0.609
0.30 5.178 -0.753 0.587
0.35 4.829 -0.718 0.564
0.40 4.526 —0.683 0.540
0.45 4.264 -0.650 0.516
0.50 4.037 -0.620 0.493
0.55 3.842 0.591 0.472
0.60 3.673 —0.566 0.452
0.65 3.525 —0.542 0.433
0.70 3.395 -0.521 0.416
0.75 3.278 —0.501 0.400
0.80 3.171 0.484 0.386
0.85 3.073 —0.468 0.373
0.90 2.981 -0.454 0.362
0.95 2.893 -0.441 0.351

1.0 2.810 —0.429 0.341
1.2 2.510 -0.389 0.309
14 2.256 —0.355 0.283
1.6 2.039 0.327 0.261
1.8 1.855 —-0.302 0.242
2.0 1.698 —-0.280 0.225
2.5 1.394 -0.237 0.192
3.0 1.178 —0.204 0.166
3.5 1.018 0.179 0.146
4.0 0.895 —0.159 0.131
4.5 0.798 -0.143 0.118
5.0 0.720 —-0.130 0.107
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Experimental study of nonlinear phenomenon of NO
ultraviolet broadband absorption spectroscopy
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Abstract

Ultraviolet broadband absorption spectroscopy (UV-BAS) has been widely used to measure the concentration
of gas pollutant, such as NO. However, the nonlinear dependence of the absorbance on the optical thickness
(XL) caused by the broadening effect of instrument function is observed. In this paper, the nonlinear behavior
of NO absorbance is investigated both theoretically and experimentally, and a database using a polynomial to
describe the nonlinearity is established to present a simple method of measuring NO concentration. First, the
nonlinear relationship between absorbance and XL is deduced. Second, the nonlinearity of an isolated spectral
line is simulated, and the dependence of nonlinear behavior on instrument width is investigated. Third, the
nonlinerities of peak absorbance in ¥ (0, 0) band with different instrumental widths are calculated, the nonlinear
expression is given in a polynomial form, and the corresponding coefficient database is established. In addition,
the nonlinearities in different vibration bands with the same instrumental width are compared with each other.
Finally, two spectrometers are used to measure NO absorption spectra in different instrumental widths in order
to validate the above-mentioned results of theoretical analysis. The relative error between the measured peak
absorbance and theoretical calculation is less than 4%, and that between experimental results and the interpol-
ation polynomial results is less than 8%. The experimental results demonstrate the accuracy of theoretical

calculation and the reliability of database.
Keywords: ultraviolet broadband absorption spectroscopy, NO, nonlinear phenomenon, gas detection
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