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Fig. 1. Schematic diagram for OH radicals calibration system based on DOAS method.
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Fig. 2. High resolution absorption cross section for
OH radicals near 308 nm.

i I BAS THEAS B0 = 2 PR RSO T TR A
AE B2 H T DOAS S, 75 2240 & 4 R o i A
FETE A A 2 o8 B AT B AL LR 2w R I R
KT 7€ R IRAF IR A 2 ek B, BRI R i g i A%
D FR AT 313 nm P I/ 19 7 2% R AIE 06 (313.1555 Al
313.1844 nm) FEATAXES B& 3 A, JETTAR 2G5
MAES R . SR KT SRAS 1 OH H Hi 2 v 70 %
NS T 5 A 3R R AT B AR, 3 BB AR S BT
Wk, Wikl 3 s,
8.0
7.0 b — OH Wi
6.0 |
5.0 F
4.0
3.0 F
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1.0
o0k
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Fig. 3. Convolutional absorption cross section for OH

radicals near 308 nm.
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8 F DOAS J5 7% OH B Hi 3 47 I & S5 ¥
I, 75 55 Bk 2 U M AR A B At A, A
FRIPULAT L3, SEE AP A 25 L/min (1) No X i i
BEAT BT “pp e, A2 “Ph e R [R] I i S R AR
ST, w0 R e R A AR 23 I TE) 5L N 300 s.
W RAERIIT VAT RO B, B B P AR 2R A AT 1%

Z [A) 564 A0 A H A FAh iR &b 1), i
AR AT W R AE.

RN J5, 0 0T T B Sk
POV EL, A SR I CR4FE 25 L/min, 4EHF S IR0H
S IAT v AR [, B I E A . — IR EE K
VIR T U AN E 3 s i F 100 9 8, 2B AMT
185 nm EAME UK, F=ER OH H HE:X 2 kR
SSP it A] ) RUT R EAT “FR AU, 40d OH H H
SR AT I ol 207 1ok g i N TR, iR
KA BIRDEIEIRAE TR, ME .

N T A3 OH H 2R P HERR IR B2, i 5 2
HEAT AU AR 3R (W B AN LR IE), BR DUAT 3%, 1R
fen B R, EBOKT H LA 2% 6 B AR B AR P AR 1
kit et AlioE-A RS B RN R eEi T A NS
UK (39N A AN L e A NS ES SR NP
SEFEE D'

SR, %5 AR 5 WSO T AT AL B, &
AR5, 1E i@ v, WO, 1R (R Im R ol 5500 1%,
RS HWNET. W E 0 eSS HRIL
B R LR P e —AReVE A, 193] OH A H2E
WL

AR EEEFENRBEERAN
307.9804—308.1849 nm. 4 & & N H 47 7E Ny,
H,O, OH H M &L H | HEME LT, (04 OH
H HH 5 — AT .

Bl 4 (a) AT R RO B3 FAORE No 38 N K AR
FI N A & e N 24.7 L:0.3 L (JRE&SME
FER23.7 °C, MXREER 0.2%). 46 & AR
B MO RRITIE. B4 (b) N OH A itk
FERA B, B OH [ Hi 4225 R WSO I Al 22 7 e 2
D WD REN AL B4 (o) R RIR L,
N 0.008%. AR SZ56G I OH H H 25 114 20 ik
JEREA 75.0 m, WA ZFME T OH B HEMIKRE N
1.51 x 10% molecules/cm?.

EOHHHEE RAH, mEEM L[
FEARREE R E R OH H 3. AR SO R4 77 £
OH H 2k & i fa e AT THFA. R 15IH
THEKEAMENO.3 L/min, R Ny S E N
24.7 L/min FITHHL T, IRA KR (23.7 ©C AN B
0.2%) Jef e r= A1 OH H S 1R .

18 PR S AR FUEE B, ol sk TSR
. K 1HIH T 40 min ) OH H HIEIRFE I Fa e 1
L. BT SR TR 300 s. &I &5 1) OH
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H H 2R AR B35 A 1.45 x 102 molecules/cm3, A
T € £ £4% (£0.06 x 10° molecules/cm?®). M
RIWLUE H: AEKIIREAZ R T, OH H
I B P B IR A AR e 1

10.0 -
i — TR (a)
£ 96r --- Wi
8 9.2F el
= 8.8t
=
B ogul TrmmN———~—
£

8.0

307.95 308.00 308.05 308.10 308.15 308.20

Pk /nm
1.0015
— Wi (b)
1.0010[ i
- 1.0005}
a
S 1.0000( M
R 0.99950 [
0.99900 +
0.99850 L s L N
307.95 308.00 308.05 308.10 308.15 308.20
7&{"{/11111
1.0
- —Wpaity  (©)
L o5t
=
~
B (V18 MWNANANA AN AN
A0 —5.0t
KL
—1.0 L n 1 n
307.95 308.00 308.05 308.10 308.15 308.20
Pl /nm

4 (MTRE) KRGS R T 1t OH B ik U
HER () WEBMITHEE; (b) OH B H 2 H IR
TR 22 2y e LM &N, OH B AR E 2y 1.51%
10% molecules/cm?; (c) TR L, HKIEH 0.008%
Fig. 4. (color online) Fitting process for OH rad-
icals produced by water photolysis: (a) lamp spec-
trum and measurement spectrum; (b) superposition
of OH radicals reference absorption spectrum and dif-
ferential optical density, the concentration is 1.51x
10° molecules/cm?; (c) fitting residual, the maximum
is just 0.008%.

Rl BUKIGRE TS OH H HZERIKE

Table 1. OH radicals concentration in low water vapor

concentration.

V3 WRE/10° molecules-cm ™3 FARLEM /%
1% 1.50 0.008
H2% 1.49 0.006
3% 1.38 0.008
54 5% 1.48 0.012
5% 1.56 0.008
$6% 1.45 0.01
BTk 1.38 0.015
8% 1.39 0.015

BIE (brfkZ2) 1.45(0.06)

X T8 KV BE N OH |3 B B9 B i fae
PEFREIS TARBFRIBOR. 7RI 23.2 °CL AN
WEN 1.5% 20, BL300 s B 8] 4 #F3E 4R
76 5 WU LS KT 1, ¥ OH [ Hh
SERHR R 4.76 x 10° molecules/cm? ) I &EANH E
JEAL N £0.64% (£0.03 x 10° molecules/cm?). 7]
DA, =k B OH B b 2 1 I & AN 1 o AR
fE OH H HHEE I E A E FEERR 2. X FERZ
DRl g e BE I 2 vy 17 458 ARV B Y — % N Y
(ETFEFED L/min: 6% 1T 2] 14%), K
FeoE YER 5, FRAC 7R BB OH 3 H Rk FE 1Y
SO Oy T A B AN E 1, JE IR SR AR
BN BRI E T, 52 S IR E I ARIR B AR
SE M.

RN R 5 OH B H 240 & 1% R 4504
K. fEDOAS FiE, &R (7) X E R4
A ER Ve R R PR 101

2TRes
Cmin = m; (7)

H ) TRes NP RS IR HEMR 2, 6(0) N1 ppb
IR B AU I IR ISR TR B, LN R RE, NN G EE U
A 70 LR R S g A . HUE 4 (o) R LA
WA, K HORARAE R 2 TRes = 2.9 x 1077,
§(o0) = 7.3 x 1077 ¢m? /molecule, L = 7500 cm,
N R S E 4. i (7) T E IR

o 2x29x107°

7.3 x 10717 x 7500 x 2

= 5.30 x 107 molecules/cm?.

SEAG AR R E e R P B N BV b, SRECT
AN TR R B B 7K VR, BRI TR BE AN x 108-—1.8x
10*° molecules/cm® A8 fL 1 OH H H &, 78 bk &
JaFE P, OH H HZEMK BRI TR i fe
PE. H AT E Pr - FAGE SRS OH [ 2458 % %
F B 58 B U L 109101 molecules/cm 3 20,
HWARERG T H T FAGER AK EFR. AN AR
G FE AN R A S A ) BR A b 8 kR Ny B e
NE R, HoO 642 OH H A AT H H H 2,
HHE MRS Oy KA HO, H 2, A2 51 HO,
5 A 5 OH [ B 2% A B A 25 1)) i &
OH H HEE WA 4 T &E 1 HO, H B, FrblR
AL HO H HH BT SEF5.
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RGREDT

FIF DOAS 592: 1+ 5 OH [ Hi 5 94K i 1) v o
FE = EARH BT A FH 10 OH B f 3 R i il BT
DOAS & — AN %] 1 & 77 7%, 6T E A2,
T LA™ W 00 W AT AR T RS T 1) e A
A3 HT A KA T 307.9951 nm i OH H Hi 2
B R A LR (Q1(2)) 13 2If 161, it T SR i £k
i QL(2) MRz, v LA S Pl &R 2. Rl
TSR Q1(2) 28 5 JE i N 8 A 45 A4 110 & 5 T AR
5 Q1(2) Zeam gyt AR LU AE, 515 Q1(2) T
A 2 Bt K DG 0L B iR 25 AN 5 3 2%, 1% HL IR iR 2
SR A R ZE RO R, TN R e O U A
I BRERT LS H R g PLE A X R
F2%; Btz 4b, OH B B 3k i 4 5 i 28 T {0 A8
KL N 3% 2] sizif b R IS (A8 fh 2 51 k2%
B 55 I B, T3 BUNT 1% BRSO BE AR
b, SEIEAC P 2 R IE G 5 T AR AR A
Wk, 2774 T — AT 0.3% i 2 231 IRk
SRR 21 RN T 1% FIRZE. AU ERE,
R R 2T 7.3%.

4.3

i

AKXAHT R T DOAS 7% IOH B H
ENF R G, RGHEOH | H & A4 Al & 5 —
P, S5 R 48 T FAGE £ R 5E b5 (1 7]
ITYEREAT TWETT, A T R S8R R IR (5.30
107 molecules/cm?) Fl R Gti% % (/N T 7.3%), HHXt
RGALES x 103—1.8 x 1019 molecules/cm? ¥ 5 5
W RS E AT TR, WELS SRR, REnl
DA Rtz i) OH B B AL 7 AR Bk BEYa L, (R g
USSR L N BEAT RS I 2, ARG AN 2 BEAH EE
T FAGE HARH H AR B R EAER O5 S5
KIS, AR RS, 7 AER OH B B AEIK
vu AT DA A2 FAGE £0AR & OH B i 2 /7€ Fr

5 4
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Abstract

In the present paper, we describe a calibration system for OH radicals based on differential optical absorption
spectroscopy (DOAS). In the system OH radicals can be produced by photolysis of HoO which is irradiated by the
185 nm light in a cavity. The produced OH radicals with a certain concentration can be detected exactly. The system
consists of a xenon lamp as light source in which the light has been collimated, a 1.25 m multiple-reflection cell in which
the light can reflect 60 times to achieve 75.0 m whole path-length, and a double pass high resolution echelle spectrometer
that is suitable for the measurement of OH radicals (best resolution: 3.3 pm). Utilizing the system the measurement
spectra and lamp spectra can be obtained for OH concentration retrieval. OH concentration can be calculated by
DOAS retrieval and during the DOAS retrieval the reference absorption cross section is obtained by applying the Voigt
broadening method to the absorption lines. By changing water vapor concentration, the system accurately detects

OH concentration ranging from 5 x 10° molecules/cm® to 1.8 x 10'° molecules/cm?

. In the concentration range, OH
concentration fluctuation is very small. For example, when the volume ratio between water vapor and pure N2 reaches
0.3 L: 24.7 L, the fluctuation is just £4%. Taking into account the effects of absorption cross section, gas pressure in the
cavity and other factors, the total systematic error of the instrument is less than 7.3%. According to the results in the

paper, the system can be used for the fluorescence assay by gas expansion technology calibration in field experiments.

Keywords: differential optical absorption spectroscopy, OH radicals, calibration, high resolution

spectrometer
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