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Fig. 1. Schematic diagram of NO,-PAS system.
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I (& 2 B 2k), nUL7E 403 nm FfHE NO, 4 %%
SR A A IS 5 390 —420 nm [H] /9 HLO M Wit 3%
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FRF STt P A7 BRI A IR s, A RSl 10728 g L
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Fig. 2. Cross sections of NO,, HyO and diode laser spec-

trum.
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AR = AR e 5, UG R g ani&l 3 fr
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KR TE A 84.9 Hz, HiEIN 214 15.9.
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Fig. 3. Frequency response of the photo-acoustic cell.
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Fig. 4. Impact analysis of surface treatment and study of

performance optimization.

# 1 KSR IEL

Table 1.  Comparison of test results.

4 FEmAN/ uV o AR/ uV
JERNRIALIRAT  94.33 £ 2.47 3.27 + 0.34
JERN RIS 110.27 &+ 1.04 2.86 + 0.33

S A B — 3.28 + 0.34
G R AL S 3.13 £ 0.14
LI — 2.8 +0.16

FH % 1 AN, A Bt B R A AR I 75 R

K shh (3.28 4+ 0.34)pV, SRTRAJEME SN
&, U RS EE WA A% 3RS A
JEE I 7 WEME S e 3l (3.13 4 0.14) v, B (55
E— L TR E R AR R R R (DC12V8A)
P8 W AR RO AR R i L B AR MR (]
nE 4 as, KNSR (2.8 £ 0.16)puv. A]
D, S PR e AL 5 2o AP Pl e P P A AR P I

4.4 FRBHITREESHZMMAFR

FE R 5% vh s LAtk L 15 BB h B 9% v
M P 9% 28 . L 0.2 L/min 3 & 16 R S8 A
Ny X FE I AS R M i, P28 o PR 2 22 o ) AR DIE
MEFE AN 5 BRI, IR S5 (3.13 +
0.10) pV H1 (1.26 + 0.03)uv. A WL, Pigk 2% vh i &
A T A MRS, J7 220800/ T — B 9. 4541 ox
B ETT, L 0.30.7 L/min A [H] 3 25 8] b5
ARG, WIS, 30 sk BRLGE o R g
Y% W) A P M S B O A A e iR 5 B
W U Nl i N SR SN T 0 N1 N
B2 52 v I i B AIG 1 3G % 7E 0.4 L/min DA
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Fig. 5. Comparative study of background noise between one
buffer and two buffer.
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NO, 43 5% #& 5) 10.2, 25.5, 51, 102, 204 F1 306
ppb, H L1 0.2 L/min Ji il ARG, KRG KRR
H 1 s, SRR S RNAE. o AR &
RAIH, RGN IR 20 1s. B 6 24 60 s
SRR R AR B EE 2k, 2 RGO
F 7 0.016 uV /ppb, R2 4 0.998. )& lH45 5
UeArE 25 R A .

8
— 306 ppb NO, Jifd y = a+ bz
204 ppb NO, e 0.33 + 0.048
— 102 ppb NO, R 0.016 £ 3.28x10~*
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Fig. 6. Performance evaluationof the system.
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Fig. 7. Analysis diagram of Allan variance.
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R TUESE R G R 25 R, (AR A1 A
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RGN NO, VREEIAHDCYE, FHOCRECH 0.87, W
FM R & LMW E R NRE R 0.94 +
0.009, #ME N 1.89 + 0.18, FEAEM R T HEZ
RER2E  fIEZES RERS . MREIEEF R
Wi (CRDS Al PAS £ 4¢3l i T #uTi 20.4 m Al
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Photo-acoustic technology applied to ppb level NO, detection
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Abstract

Photo-acoustic technology based on a low power blue diode laser for measuring the ppb level NO, is
presented in this paper. A low-cost NO, measurement system based on traditional photo-acoustic technology is
established. The 405 nm blue diode laser with an external modulation is used as a light source. The central
wavelength of the laser is 403.56 nm, the half-peak full width is 0.84 nm, and the power is 65.3 mW. The
effective absorption cross section of NO, is obtained, and the interference of the water vapor and other trace
gasisinvestigated. The resonant frequency is tested to be 1.35 kHz by frequency scanning fitting. An internally
polished and coated poly tetra fluoroethylene aluminum cylindrical cavity is used as a photo-acoustic resonator
(the inner diameter is 8 mm and the length is 120 mm). The influence factors caused by cavity parameters,
optical windows and power supply are studied. The system is optimized to reduce background noise and
improve signal-to-noise ratio. Then the noise signal is dropped to 0.02 uV. An additional buffer chamber is
integrated on the original buffer chamber to form a two-level buffer. The two-stage buffer structure significantly
suppresses the effects of airflow noise and improves the system stability. The slope of the calibration curve of
the system after linear fitting is 0.016 uV/ppb, and R? is 0.998. The NO, detection limit of system is 2 ppb (3¢)
with an average time of 60 s. To verify the results of the system, a diode laser cavity ring-down spectroscopy
system (CRDS system, using a 409 nm the diode laser, with a system detection limit of 6.6 x 10!) is used to
measure ambient NO, simultaneouslyon Lake Dong-Pu in western Hefei, Anhui Province, China. During the
experiment, the measured NO, concentration ranges from 8 to 30 ppb, with an average concentration of 20.8
ppb. The results of two systems have good consistency:alinear fitting slope of 0.94 4+ 0.009, an intercept of 1.89 +
0.18 and acorrelation coefficient of 0.87. The experimental results show that the system can realize the low-cost
on-line detection of the ppb level NO,, and it can also be used for the real-time detection of NO, concentration
field.

Keywords: photo-acoustic spectroscopy, trace gas detection, low power blue diode laser, two-stage buffer

PACS: 07.88.+y, 07.60.Rd, 42.60.Da, 43.58.Kr DOI: 10.7498/aps.68.20182262

* Project supported by the National Natural Science Foundation of China (Grant Nos. 91644107, 61575206, 61805257), the
National Key R&D Program of China (Grant Nos. 2017YFC0209401, 2017YFC0209403, 2017YFC0209902)
Outstanding Young Talents Program of Anhui University of China (2019 Jin Huawei).

and the

1 Corresponding author. E-mail: rzhu@aiofm.ac.cn

070703-8


http://dx.doi.org/10.7498/aps.68.20182262
mailto:rzhu@aiofm.ac.cn
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

