Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

ETIEMHT R W R BABOE AR BUR B B2 15 AT

REE R 7R B BRA RZALR BE £ Bhew #eai

Quantification of iodine monoxide based on incoherent broadband cavity enhanced absorption spectroscopy
Zhang He-Lu QinMin FangWu TangKe DuanJun MengFan-Hao ShaoDou HuaHui Liao
Zhi-Tang  Xie Pin-Hua

5] Fi{i5 &, Citation: Acta Physica Sinica, 70, 150702 (2021)  DOI: 10.7498/aps.70.20210312

TELR T2 View online: https://doi.org/10.7498/aps.70.20210312

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

BLER G SR OE RS ZR G HT TR SUNO22 [1] e I 1] 3 B i
Airborne cavity enhanced absorption spectroscopy for high time resolution measurements of atmospheric NO2

YIBR2EA. 2017, 66(9): 090704  hitps://doi.org/10.7498/aps.66.090704

E TR RN GO 737 OGS

Measurement of molecular absorption spectrum with a laser locked on a high—finesse cavity

YrE2E 4. 2018, 67(10): 104206  https://doi.org/10.7498/aps.67.20172532

SETTDLASE A B K PRI O 280
Measuring spectral parameters of water vapor at low temperature based on tunable diode laser absorption spectroscopy

YrHE2E4R. 2017, 66(20): 204204 hitps://doi.org/10.7498/aps.66.204204

TR G I R OEA 25 73 TS BOR SEBD AU EAR $111530.58 nm NH3 253 ) HOGE 3R BE
Frequency locking of fiber laser to 1530.58 nm NH3 sub—Doppler saturation spectrum based on noise—immune cavity—enhanced

optical heterodyne molecular spectroscopy technique

Y2, 2018, 67(10): 104207 https://doi.org/10.7498/aps.67.20172541

FET R OH [ H b Jrik
Calibration source for OH radical based on synchronous photolysis

PIBR2EAH. 2020, 69(9): 090701  hitps://doi.org/10.7498/aps.69.20200153

E T IO PO TR A B T LIS R R

Measurement of middle infrared spectroscopic parameters of carbon disulfide based on tunable diode laser absorption spectroscopy

PyFE2EAR. 2019, 68(8): 084204  hitps:/doi.org/10.7498/aps.68.20182140


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210312
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.090704
https://doi.org/10.7498/aps.67.20172532
https://doi.org/10.7498/aps.66.204204
https://doi.org/10.7498/aps.67.20172541
https://doi.org/10.7498/aps.69.20200153
https://doi.org/10.7498/aps.68.20182140

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 15 (2021)

150702

B T AF 1 T 35 5 B 18 58 IR e 18 B AR Xt

Al

£HYT FRY
B E L) AL D)

% 4 55 V)

B fn % D2

HENE=WR

BR/RY  ZILERDY

it 8 4 02

A2

1) (h EBRABE A IC TR BE L BOG R BB I, thERE BRGSO T S50 %, A8 230031)
2) ((PEPBEEHARRS:, G 230026)
(2021 4E 2 10 HUk#); 2021 4 4 A 7 HiEENR)

MR T 435—465 nm P B AR T 507 s 8 5m OEE (IBBCEAS) Hi AR XL B % (10) 5 5 7 k.
JHERTIREL 10 MR E (S B, XF IBBCEAS R4t & I 85 H B i I 5T 2 . A 80 K RIS ST T heE. Al
FHAR SR Z [ 3 F BT 0 22 S5 M bm 8 T 0 B 0 S 3 R i 2k, 76 1O TR 436.1 nm Ab 45 4% R
4 0.99982, AR T A AR MBOGRE L F] 3.83 km. ARIE O, MWL, B IEJF REMAZEK K 60.7 cm. R
AT X RGP REIEAT PEAN, 7F 60 s BF Rl HER T, RGEXT IO A NOLJIHEM R (20) 43512 1.9 pptv
20 pptv (1 pptv (part per trillion by volume) = 10712). i 2 5 i1 Pl V5 T HUAL A1 (KT) V8V A LAY M ) o0 L
S IG5 R AR R AR RRE W Y 1O B, X 1O TESRAEE R AREUEAT T 45, 45 SR 3R 10 R4 RE T L)
ZW. F ] IBBCEAS 24 10 R MEREATIN & | 75 39— 530 pptv HH BB F 1O B9k 52 510 b ik
HAH S R R? 9 0.99. HET, I FH 12 22 G % gy HE AR AL 54 By A B0 1O B 47 10 4

KSR AL A i, AR ST R OIS RO, E

PACS: 07.88.+y, 07.60.Rd, 07.60.Vg, 42.60.da

1 5 =

WA B 5 (10) 7B —Fhid ) & (RHS),
XX B R AAEEAT 5 B 76 TP 2 B X Y
MR, 10 fE R A e i o 5 1
A, AT LLE S 22 NO/NO, #il OH/HO, 43 Bl
M) KA b, TN X TO X T 41 <
JREREF-HTE B E SR, TS 35 B A% 23 2 )
Z PR, IR = Az s 1. KA i 10 &
F A VLBE Y (a0 CHsL A1 CH,L,) FJGHL
FILERL T T S A 7 A 1 D T 7R VR T B )2 AR

DOI: 10.7498/aps.70.20210312

-3t 2 5 SRR A L. KA TO MR BE IR,
AL ) 55 e R T — IR AE LT pptv, FRWEE
e P Rk BE AU 1—2 pptvBl. 10 i —Ff
TR 2 A R, VR BRI, SN A )
MOEZRIIIE % NS =i

HATE SE 3 T KR TO St A3 75 i
FEA: 26RO (DOAS) HAR P47
HiFE T (LIF) HR B 6% (CRDS) £
A0 5 IO (CEAS) $ R 10145 20 i
2, 90 AFEAR, MEAEAR R R I OG22 40 IO T
(LP-DOAS) Fi AR 1 RSB T X KA 10 HY R Ht
i (13l i DOAS AR #4710 Ah i Wi, 75 2

* ER ARRIERES (S 41875154, U19A2044) FIZ#AE B S RF5E 5 & 1R (LS 202104i07020010) % B ERAR.

T HEEEH. E-mail: mgin@aiofm.ac.cn
©2021 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

150702-1


http://doi.org/10.7498/aps.70.20210312
mailto:mqin@aiofm.ac.cn
mailto:mqin@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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 15 (2021) 150702

BRI, i Esh LP-DOAS A CFEE % A
B AR 1) X Y R R R A i T 222 )
W OETE (MAX-DOAS) £ R {E R DOAS H AR
() —Fh g il i B X, SR R FROGAE OBIR, W]
AR SRR T B ER R, BIP i Kki
it MAX-DOAS # AR 7F 8 VG & /5 3k 45 7 10 1 1
HAEREEAR R, BHESHEECN 60 s X 1O /71
KRR 4 1.3 x 10" molecule-cm 2 (20)6. I Ah,
F2E I B A BTG 1) Rkt it A JR 2 (1)
43 WISR I LIF K . CRDS # R }2 CEAS H A 1E
2 E P R RR T T KRR 10 A
WA 5, B B] 43 3R AE 300, 30 K& 300 s T, X
1O 49 K I BR 43 5124 0.6, 10 & 20 ppqv (1 ppqv
(part per quadrillion by volume) = 10, 20). 2k
FHBOEE IR N LIF 258, B IHE 4> B %,
B A A 4 485 1. CRDS $ R Fl CEAS $ AR
#h IR & TR, S w R ORI,
CRDS 5 AT il e OB AR L2 B IR I 1 3235
A [] R A i P9 1R DU AR v B CEAS R & 3t
T CRDS H A K JE ik, CEAS M & X 5 A & 5
T IE] ) TR PR 1 358 S0 . SO s 1 i
W3 ML-CEAS (mode-locked CEAS) $ AR R
FHBOEVE AEIR, 5 HAL CEAS FiRM L RS H
X 4. BT/ N AR S = PR A T 98
JEE R O3 (IBBCEAS) HAR 12-15 7 S ffr
A JEIRS B2 S AN AT [RGB S IR i (TD-
VUV-TOF-PIAMS)!' 2547 AT JxF 10 1Y ft il
T M B S5, IBBCEAS 5 AR1E R CEAS HA
H g —Bh, SR TEATOGIR, EARRE E  R e R
A, HETE S KA NOL! F1 HONO!
L PR B B AN LI . R v R 2R U AR
i IBBCEAS RGO, #£ 60 s B3 HER T X 10
TRIMFR R 15 pptv (1), 2 J5 1ERF 5T s MR
SR 1 [ R %o S 6 e R v e A Y TO AT T N (1),
b LED 4 AR ASWrek ik, & & & T DL LED 1
SYEUE) IBBCEAS R 48, A HFRUAT G, LED
RAEEE S, Far ik, St EmnEa %
VCFCAS B A 18], Fp 5 22 2 119) 54 8y A 7% B
IR BLHT R 2 9] #45R F 506 LED A5 0 6T, X5k
552 2 AR TO JEAT T 0 &, B[] 43 R 0 1 ok
15 22 min i, 3 R 5> 51K 4.4 pptv(20)
#1 0.3 pptv(lo). EFr X 10 BAFsEH, B A
KM TD-VUV-TOF-PIAMS $ A& 16 JF g 10

J12EIESE, T 10 PG R B RO R b2
oAb

RN T —FhFIFH 435—465 nm P BT 10
E T A EAR T vl R R OGS vk S HERf Ak
B IO MMk BEAR ., X 2R G0 i I B i B8 St 3%
A RER ARS8 AT ThrE, JFE i 10
PZR P SE 55 S NOy X b SE S g5 iE 1 #5719 IBBC-
EAS ZZitkRE, fEE N R EEMEEE LED 1) IBB-
CEAS FARXS 10 Wy REEDE (1.9 pptv@60 s),
o Ji A AR 22 Gex iy HE il i i 55 5 480 1 A A
1) 10 HE4T T4

2 REMAGL

IBBCEAS ## R & —F 3L T Lambert-Beer &
AR RSOOSR 17, HSE B IR A& OB AE
RN Z RN, AR IO RS B LR L
BV N T Y= i OF P D o2 - B U R LU+
PR 3E AR ST R AR Ak, HERfbR R = S 5
FBE R I 5 % R G AR S0 KR TSR AR A4
ST ES W U EY ET)

a(N) =) cio; = (1 _5(/\)+ozRay(/\)>

() 2

Forr, e RPN AR AR EE, o) SR DU AR A I
#, d ) IBBCEAS AR, aray ()72 N
SRR 28, RO e R B R i K AR Y
BE AR, To(N) Ry s oA 78 0 2 MR ISR BT 1) D'
5, T(X) A PN SR T Rl SR .

Seu R AR FH 9 IBBCEAS RS anEl 1 iR,
W I 297 448 nm 1Y 5 D% #556 LED (LZ1-
04B2P5, LedEngin) % H} it i i S5 88 & i A
. LED AL B FR I B AR 845 (PT1000)
B, IRl e AR (TEC) FHREREHILE 25 C
4+ 0.1 °C, DA/ U RE I 2 X5 Ol i ) 52 . Dl 2
s AN R AN B Oh 13T R ROBE (0.99982@)
436.1 nm) ZH 8. 27 i — i 19 375 ) 3 3y 3
JE R THBRZLHOE, 25 90° = Sl 47 1 I 55 I 3R
FEEORLF OB EAE & M 600 um, FEFLIE NA
0.22). #4 LR (4 55— i 7% 42 B OGS AL (Ocean
Optics, QE65000). QE65000 YR A ity L ff fil &

150702-2


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 15 (2021) 150702

Sample Particle filter 1 Rotameter Pump
inlet & valve Outlet
| I - L}
—_ — — —

Cavity mirror

= TEC

Cavity mirror

Flow
controller
] Parabolic
Optical cavity T minor

A

LED Lens
Heat sink I T—

69cm — — — — — — _T |

Purge flow ‘ ‘ H
controller T T

Optical
filter

cCcD ,_|

Spectrometer W

P 1 JET G LED BYAEAR T 58 4 38 0 O 35 R G4 s 8

Fig. 1. Schematic of the incoherent broadband cavity-enhanced absorption spectrometer based on blue LED.
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Fig. 2. (a) Reflectivity calibration of the mirror reflectivity.
The blue and red curves represent intensity spectrum when
the cavity is filled with N, and He, respectively. The black
line represents derived mirror reflectivity curve. (b) Cross
sections of NO, (sky blue line), H,O (grey line), IO (red
line) and Oy (black line) in the 435-465 nm band.
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Fig. 3. Temporal variation of O, concentration with and

without N, purge gas.
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Fig. 4. Evaluation of the performance of IBBCEAS instrument. Panels (a) and (b) are the time series of NO, and IO concentra-

tions with 3 s acquisition time when the cavity is filled with Ny. Panels (c) and (d) are the variation curves of Allan and standard

deviation plots for NO, and 10 with mean time, respectively.
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Abstract

The quantitative method of iodine monoxide radical (IO) using incoherent broadband cavity enhanced
absorption spectroscopy (IBBCEAS) in the 435-465 nm band is described in this paper. In order to obtain the
concentration of IO accurately, the parameters such as the mirror reflectivity, effective cavity length and sample
loss of the IBBCEAS system are evaluated. Using the difference of Rayleigh scattering between nitrogen and
helium, the reflectivity curve of the high-reflection mirror is obtained. The reflectivity R of the mirror at 436.1 nm
of the IO absorption peak is about 0.99982, and the effective absorption optical path reaches 3.83 km under
vacuum condition. According to the absorption of Oy, the effective cavity length of the modified system is 60.7 cm.
The Allan deviation is used to evaluate the performance of the system, and the standard deviation is used to
analyze the detection sensitivity of the system. When the time resolution is 60 s, the detection sensitivity (20)
of the system for IO and NO, are 1.9 pptv and 20 pptv (part per trillion by volume), respectively. The iodine
dissolved in potassium iodide (KI) solution is taken out by the bubbling method and react with ozone after
photolysis to produce a stable concentration of 10 sample gas. The IO loss in the sampling tube is calibrated,
and the results show that the sampling tube has no significant effect on the IO loss. The IBBCEAS system is
used to determine the linearity of IO, and the correlation coefficient R? between the measured concentration of
IO and the proportioned concentration in a concentration range from 39 to 530 pptv is 0.99. The IO produced

by the reaction of iodine released from kelp with ozone is measured.

Keywords: iodine monoxide radical, incoherent broadband cavity enhanced absorption spectroscopy,

quantitative determination
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