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Fig. 1. Schematic of the incoherent broadband cavity
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enhanced absorption spectrometer.

3 ERERGHM
3.1 ARFEAFHBEWRNMAR

i A WL AL 652 vy D 1) 0 % 26 5 3R, 6
W58 2 40 (106 A G A A 23 il R & B AN
My ar AT T R X LA AT A R AN R AR
P IR 325 8 ) 6 R G 42 g AT VR B, ORAIE F At o
AR R RS [ AR R 1 B, o 49 3 Rk o
W 2 frw, B S AR R B 3G K, BTl A4S i o
BTN, A2 AN 100 mm 3] 50 mm, JGaRIE /N T
7.53%, 2 HHK FHAS [A) £ BE B BLE BE T B0
SRS & 3 PR 8N 2 0l R FH & R
MBS HOP B T IR A 45 5, KRG H A
A, HIEGAA M, BRI B L

FEE R SE R T 33.7%, 2% IR T80 il A 4 v 5 0
Bl 2 AT AR G A RO IR T OCZ IR A
F&, INT BE WS A2 DRAIE A 2 EU AR [R] 15 00 A R0t
v DU B A P I 1) 23

50000 | — ZEBIHEHE 50 mm

—— EHHER 60 mm
B 75 mm

—— GBEIHE 100 mm

40000 |

30000 |

Y58 /counts

20000 |

10000 -

O n n n n n
445 450 455 460 465 470 475

#H1/nm
2 (TR KA R A BRI B YR G 2k AT HE L
I, SO BOL R B
Fig. 2. (color online) The light intensity contrast by

using different focal length lens for collimating light.
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Fig. 3. (color online) The light intensity contrast:

the lens coupling light (black line) and the off-axis

parabolic mirror coupling light (red line).
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(color online) Calibration of mirror reflectiv-

He (red line); (b) absorption cross section of NO2 (red

line) and mirror reflectivity (black line).
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Fig. 7. (color online) Example of concentrations re-
trieval of NO2 and CHOCHO in atmospheric air:
(a) Measured (gray) and fitted (red) absorption spec-

W R E/cm !

525 /cm—1!

tra; (b) measured absorption spectrum (gray) and fit-
ted NO2 (10.09 ppb £ 0.026 ppb) absorption spectrum
(red); (c) measured absorption spectrum (gray) and
fitted CHOCHO (0.1076 ppb + 0.0184 ppb) absorp-
tion spectrum (red); (d) measured absorption spec-
trum (gray) and fitted O2-O2 absorption spectrum
(red); (e) measured absorption spectrum (gray) and
fitted HoO absorption spectrum (red); (f) residual of
fitting (2.34 x 107° cm™1).
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Fig. 8. (color online) The time series of NO2 between
2016-3-19 10:00 and 2016-3-20 22:00.

090704-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 9 (2017) 090704

30 - . - .
°©  NO; (ppb)
y=0.9157x—0.402 )
R?=10.86
20 + 4
wn
<
m
O
m
a
10 + E
0 1 1
0 10 20 30
LP-DOAS
Ko (MTI& ) IBBCEAS R4 fl DOAS R 4l &

NOg2 IKEXTE
Fig. 9. (color online) Intercomparison of measurement
NOg results of IBBCEAS setup and DOAS setup.
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Fig. 10. (color online) (a) An airborne spiral process
over Huang Temple Town, the northern suburbs of
Xingtai, Hebei Province, in June 11, 2016; (b) the
profile of NO2 concentration during a takeoff in June
18, 2016.
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Abstract

Nitrogen dioxide (NO32) is an important trace gas in the troposphere and plays a vital role in many aspects of the
chemistry of the atmosphere. Accurate measurement of NOg is the primary step to understand its role in atmospheric
chemistry and to establish effective pollution prevention policies. Relatively few measurements of the NOz profile in
troposphere by using point-type instruments with high temporal resolution have been carried out in China. Due to the
relatively poor measurement environment on airborne platform, the measurement system requires good anti-vibration
ability, stability and environmental adaptability. A home-built incoherent broadband cavity enhanced absorption spec-
trometer (IBBCEAS) on the airborne platform is presented in this paper, and applied to high temporal resolution
observations of the actual atmospheric NO; spatial distribution. According to the strong absorption of NO2 in a wave-
length range from 449 nm to 470 nm, we choose a high-power 457 nm light-emitting diode (LED) as a light source.
A Peltier is used to control LED temperature and to stabilize the LED temperature at (20 + 0.1) °C. The pure PFA
material optical cavity and sampling tube are used to reduce wall loss. And we choose the highly reflecting mirrors
(reflectivity R > 0.9999@440-450 nm) to improve the effective optical path. A 2 pum filter is used at the inlet of instru-
ment to remove most of the particulate matter in the sample flows, which reduce the effect of particulate matter on the
effective path length. In order to meet the requirement for time resolution in airborne measurement, we use an off-axis
paraboloic mirror instead of an achromatic lens to improve the optical coupling efficiency. The reflectivity of the highly
reflecting mirror is calibrated by the difference in Rayleigh scattering between He and N2. And the optimum averaging
time of the IBBCEAS instrument is confirmed to be 1000 s by the Allan variance analysis. Detection limit (1) of 10 ppt
for NO; is achieved with an optimum acquisition time of 1000 s. Concentrations of NO; are recorded and compared with
data from a long path different optical absorption spectroscopy instrument, and the results show good agreement with
each other. The linear correlation coefficient R? is 0.86 in a slope of 0.92 with an offset of —0.402 ppb. The IBBCEAS
system is deployed on an airborne platform, and the detection limit is 95 ppt (1o) with a time resolution of 2 s. The
profile of tropospheric NO2 by airborne observation is obtained over Shijiazhuang in Northern China. IBBCEAS system

in the airborne platform shows good stability.

Keywords: incoherent broadband cavity enhanced absorption spectrometer, airborne, troposphere NO,

profile
PACS: 07.88.4+y, 07.60.Rd, 07.60.Vg, 42.60.Da DOI: 10.7498/aps.66.090704
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