| %49 % 223 H9/2022 & 12 B/ R EMK

e BT NO, £

M, 40, BKRE, BY, FIE %

B I 5 DR 2 9 B 1 2 B MO B P I R A MO R AR 5 5 B S S % . IR #h R 273100

TE BT MR TS ORIGE AR M ARGERS . DL 444 nm BERBOER MM AR, LA T M AR KERK
HONO, BRI OGS . TSR (NO, AR BB SRR 5 0C R EEAT T RTSE . S0tk T 17 M A6 I 4 2 Ji fY
LM R L IPT T O A BT I A (7 B R X IR R X e AR E S R . @ ad Allan J 22 0 B 45 2, 24 B O3 I [a] 7
100 s AT, {2 s ARG I BRIX ) 1 X107, 78 2 d WA E4F 8:00 BITF 4 6:00 X RS HHY NO, 47 T Wi, 535
TR I PG BB ) A B S AT T S R R AU R NO, & R A BOBR RTS8 NO, SR, SIS
RF %A AR RES W L SE PRI AT NO, R AY =5 R BUEEK

KB LI RS s JLAOEIERE s BORROLE s NO, S

FESERS 0433 XEtRERL A

1 5] =

NO, E—FEENHREG Y. E5edmss
Y8l Re G VAN IR | B Ve S R | 4
NO, 5 O, A PLAIE I AR R 18 B .
oA BB IR I NO, B 2RI, iy E RS Ak
T EAMHE ., T NO, 75 A F3h Y iy ek & 48
THARSNBEE, - LEBES NO, £, 1.
M5 PEW R GE 50 - L 6 KA H NO, B 4738,
U SURINONERS 0 R (e A2y SR e =

2 R OG I WA 2 Tk S R OT R TR
BT NO, K {5 3 2 Ty 35k HR A7 1 Wi g 3 B 18 A
PERRPEMRA B, e sk 5L SR NO, &y
AR B R 0 R AUE e B WA RSO
KT —Fh T 06 H R (CRDS) 19 NO, & )%
PR AT R OBE W, Wu ZEUOR R B SR OB % B R
(CEAS) 58 &t —#4 (LED) &5 & DL M I 58 56 %=
) NO, . Jagerska ) 3 F XU K T 9006 %
g8 (QCL) LT T — Fl 35 T ] V8 38 77 428 W A0l % 2
A CTDLAS) (45 % . SC 8L T NO, Fl NO #y [7] i)
B, BIBR DR Nd: YAG BOG RS #5827 L
SEIRAS R AT SO, T NO, 50 25 48 W IO R
KRG, Liu ST — Pl 3 32 17 48 e 5 6 %
HAR (FRS) B AG BEs 7] LA 2 5 NO, A Wi
BIR, XL R R Gl T AR R, N A A2 # B A .

DOI: 10.3788/CJL202249.2310002

FAN T IRERSHY T NO, WA sE 5,
e ek 98 R E R Bell™™ 4R L 0 A 3R
B W e, B e i RO Rk REE . BT T
PG LGRS C 29 T X H,O,.CO F1 CH, %
SARB M T 2020 4F, Breitegger 2 R H T —
FPIE T 450 nm OGRS A1 S35 X 50 RO O % 4
RCQEPAS) 1y NO, f&i&#F. 5 QEPAS Z&AH L,
G ER B R R IR TR EEHTMA
SEIE A KT R AR K B CIR I 5L 2017 4E.
Yin 2508 T 2540 A MR 447 nm 285 A O
BT T — A TR W B RS . T T B
R M 0 T R BOG AR 19 NO, 1 A% Weber %2
PR ARZ AL R B A B T bR, Rick 25 B3
T—F TR BRI E WA LR LT NO, 1
FRMBESE . BEAh 3L 4K Dong 4507 il ad 3D FTEN 4%
ARV T —F A A /N e 7 b, FH T RS NO,
FRy W

A BN A 7 A (FR G HERE S
NO, 5y A Jsfl fle FnER 58 i i, RS HEE ML E &
St AT ARR AR RN T (0 T FE AR SRR B A e HE R R
WA B T R ER R AR AHE T NO, HEA
FIEU /0 L SR VR 4 R BRI 7 A B N O, AT 38T 1Y
wEG YR, HIL SRR ER A NO, WHERC R 5
SRR T R A AR . AR SCHREE T — R
B G R A s, BT 444 nm OG0 R IR

KRB H . 2022-02-14; 1B HEF: 2022-03-10; FRABHE: 2022-04-06

E€mH:
(XJ20200071)
BIE1EE : "gsdmsniu@qgfnu. edu. cn

I ZR 48 A SRR 3 4 (ZR2018MDO015) . 1 ZR 4 5 AT BF & 31 Jil (2017GSF17125) . K 2% A= A1) B 52 46 Wi B

2310002-1



£ 49 % £ 23 H1/2022 &£ 12 B/ R EHE

SR ERS T NO, &8, o THEMRS5E
5 RFL B SE R L A T O R M L E R
FEIRIT T BT I A B 7 AR X IR O A S S 1
W, )T . % NO, S idedT 75,

2 SLEGALHE

SLEG R E W 1 R, ke B ] LLAR ot e
SRR B, G B O TR Bl
KRB (lens 1 AR £, =50 mm, lens 2 A5
BEN f,=053.46 mm) DG G A FIH A . R
FHIIE R 400 mW BYBEOE AR RO G IR , k5
JEIEF NO, MBI E 2 Fis . SOt T
DK N 444 nm, g %68 1.3 nm, NO, TE 444 nm
A B IR TR 5. 02X 10 em/molecule, 7 i #545 il
i ST D A T O SR R AT R L 0 DG o th R AR AR

£5 L BR 5 38 1  BR AR ﬁF{’ﬂ@E’JI SHR IR HA%
MK JES 30 9 mm A1 100 mm, 28 #pEE 09 B 42 0K B
38 40 mm F1 50 mm, HPRIH T LR A
FROE TR, H AR AR 75 A% LT K A VBIORE R A
B R A R R A AL R Y Labview (3153 HL A1 A%
B AR A T R S E N S E S AR
BB AR T . 7E G it b ER A I N BE () i B e R
B R 45 mV/Pa AL 75 8 R0 G 75 (5 5 L 5 5 B
BTHORAS TR IG » B FH SR T3OK #  B i 3 2ok 454l
KRR A Labview AT BEATRAEFNAL B, b, BUHTIKL
KA B[] B H5OR D8 U AR R R A E O 1 s M
18 dB/octave, X B {9 #6047 56 1 Af =94 mHz, <Ak
e R LS A R ) A ] A N B U A 4
| = R N A SN E -8 B 0 T 0= o 1 D e
il 7 S P A R iR R AR L A TR RORR R

controller

|

preamplifier

< lock-in

power
meter

reference

amplifier

DAQ card

PC: personal computer; DAQ: data acquisition

Bl SE s BRI
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Fig. 3 Measured photoacoustic signals. (a) Measured photoacoustic signals at different pressures; (b) measured photoacoustic

signals at different volume fractions and noise level in pure N,
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Table 1 Quality factors and resonance frequencies at different
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Pressure /Torr Q f /Hz
760 16. 46 1655.9
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304 13. 66 1636. 5
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Table 2 Quality factors and resonance frequencies at different

NO, volume fractions

Volume fraction /% Q f /Hz
0.08 15. 44 1664. 3
0. 06 15. 38 1665. 7
0. 04 15.16 1666. 8
0.02 15.05 1668. 1
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Fig. 4 Effects of optical power, chopper and relative humidity. (a) Signal-to-noise ratio versus power; (b) influence of chopper

position on photoacoustic signal; (c) effect of relative humidity on photoacoustic signal in NO, ; (d) effect of relative

humidity on photoacoustic signal in synthetic air
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Abstract

Objective Nitrogen dioxide (NO,) is a crucial environmental pollutant. NO, generated from automobile exhaust is a
critical source of pollution, which has severely affected human health and influenced the quality of urban air and global
climate change. The photoacoustic spectroscopy (PAS) based on the photoacoustic effect is a critical technology for trace
gas detection owing to its benefits of zero background noise and high detection sensitivity. This study suggests a gas
sensor based on PAS with a diode laser at 444 nm as the light source. The NO, concentration in the atmosphere is
monitored. NO, concentrations emitted from various types of automobiles are compared, and the photolysis of NO, is
investigated. We hope that the findings of the study can offer a significant reference for the improvement of urban air
quality and play a critical role in the comprehensive regulation of urban air pollution.

Methods A diode laser with a central wavelength of 444 nm is employed as the excitation source, and an optical power
meter behind the photoacoustic cell is employed to monitor the laser power’s stability. The optical chopper can modulate
the optical intensity at the photoacoustic cell’ s resonance frequency, and a reference signal (a square wave signal) is input
to the lock-in amplifier. A microphone with a sensitivity of 45 mV/Pa is installed in the middle of the photoacoustic cell to
detect the photoacoustic signal. The detected signal is amplified using a preamplifier and demodulated using a lock-in
amplifier, and then collected and processed using the data acquisition card and a computer with LabVIEW software. The
vacuum pump, pressure controller, and mass flow controller are employed to regulate the pressure and flow of gas in the
photoacoustic cell. A filter is installed in front of the gas inlet to prevent the interference of aerosols.

Results and Discussions The photoacoustic signal intensity increases as the pressure and volume fraction of NO, increase
(Fig. 3). The resonance frequency increases with the increase in pressure since both the gas density and speed of sound increase
as the pressure increases (Table 1). The resonance frequency slightly decreases with the increase in the volume fraction of NO,
since the heat capacity ratio and molar mass of gas change with the volume fraction’s variation ( Table 2). There is a good linear
relationship between the signal-to-noise ratio and optical power, and the system does not achieve the saturation absorption state
[Fig. 4(a)]. When the chopper runs at the photoacoustic cell’ s resonance frequency, the air near the window of the
photoacoustic cell flows, and the optical power into the photoacoustic cell and the photoacoustic signal intensity slightly change.
When the distance between the optical chopper and the photoacoustic cell’s window is 50 mm, the maximum signal is obtained
[Fig. 4(b)]. The part of NO, is dissolved using water vapor, and the vibrational-translational relaxation rate is also influenced,
leading to an inverse ratio between photoacoustic signal and relative humidity [ Figs. 4(c) and (d)]. It takes some time for the
signal to be stable as the pressure changes (Fig. 5). The Allan variance analysis exhibits that the sensor detection limit is 1 X
10 ~° with an integration time of 100 s (Fig. 6). The change characteristic of NO, concentration in two days from 8:00 a.m. to
6:00 p.m. is determined and the trend is consistent with the monitoring data from the Jining Environmental Monitoring Center
(Fig. 7). NO, concentrations in exhaust from five types of automobiles are detected (Fig. 8). At low speed, it can be deduced
that at least 150 g NO, will be released if the automobile is driven 100 km and the photolysis rate of NO, is ~50% from
12:00 a.m. to 2:00 p.m. (Fig. 8).

Conclusions A gas sensor based on photoacoustic spectroscopy is suggested. The 444-nm blue laser is employed as the
light source to achieve NO, detection in the atmosphere and automobile exhaust, and NO, photolysis is examined. The
relationship between pressure and resonance frequency and that between the volume fraction of NO, and resonance
frequency are investigated. The linear relationship between signal-to-noise ratio and optical power is studied. The
influence of the position of an optical chopper and relative humidity on the photoacoustic signal is examined. The detection
limit of 1 X 10 with an integration time of 100 s is obtained using Allan variance analysis. Atmospheric NO, is monitored
for two days, and the result has a good consistency with the data from the Jining Environmental Monitoring Center.
Finally, the photolysis of NO, emitted from automobiles is also investigated. This offers high sensitivity sensor for NO,
detection in practical applications.
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