§34% 15 e M TR Vol.34 No. 15
2026 4£ 8 A Optics and Precision Engineering Aug. 2026

XEHS 1004-924X(2026)15-2289-13
RIEKKE SRR LR KA H 460

Tax-"hE BLEREU, N RN EETC, BEAE B!
(1. FERFK AR R FHARE , LR A 2300315
2. PERFEAKAE, RH 6/ 230026;
.HENFER KALFRENREWEF R, E4 K& 130033)

FEE BEAIRE Bl A R Bt 7K VR B S R R AL 35 A6 v A7 A 14 55 W A 5 B BB M R % 4R A8 A IR R, 5 1 — A Ak
Tk R ) I U 75 4 R (W avelength Modulation Spectroscopy , WMS) KI5k o FlH FPo0 % K 1. 863 wm 843 4 2
B R HOG S (Distributed Feedback Laser, DEB)fE OGR4 2 T4 ZOGFE N 12 m W0 25k 80 em® 1 /1N
TR 4 B o SR A S B X HL°0 VHL YO VHL PO R HDO W TR BRI 388 33 AN [ b off 2K B R A S 56, ST
55 [ 32 3 1 55 2% 38 16 UG FR 43 T AR LG R AR M B 22 ) A 0 07 O 3R, S BRI U AL 3R L S S o il o S
WeE MR, KR RUG R EBASARE I Z R EEMAMEC  HXERB R AR T 0.99; 76 340 Pafa &S &1 F ,
oD, 6%0 M 870 38 3E 1 Fe Ji B4 B 1) 43591 2 18, 23 1 20 s, X W e /N Allan i 2 4351 2 2. 015%, 3. 636% I 1. 317% 5 4%
U HE ST U0 UIE T 1% 5 vk R A8 SR W 43R o R P A R R Bh A AR A YT S S5 R 1Y 10296 ~90% H I e g B[] Ky
71 s352.731 pm, 25 m A3 ROGHR B AL R WO IE R L, R4S oD S5 R R L — B ARk . AR SCTT IR S IR R AR
PE R KR B HL USRI A 3R 0 25 ek U i R 0 28 o BRIt W) R IR L 2 A 5 R i B KR B AR IR A 3R /N TR Ak DA A
SR AR

X g O WAREKRA;AAR TR KR R R ERR

RESZES TN248  XHkFRIZF:A

doi: 10. 37188/0OPE. 20263415. 2289 CSTR:32169. 14. OPE. 20263415. 2289

Wavelength-modulation detection for water vapor and
hydrogen-oxygen isotopes under low-pressure conditions

WANG Liyi"?, LI Xiang', CAO Nailiang'", DENG Hao', HU Haifei’, MI Xiaotao’, KAN Ruifeng'

(1. Hefei Institutes of Physical Science , Chinese Academy of Sciences, Hefei 230031, China;
2. University of Science and Technology of China, Hefei 230026, China;
3. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,
Changchun 130033, China)

* Corresponding author, E-mail: nlcao@aiofm. ac. cn

Abstract: Weak absorption and spectral overlap limit trace isotope detection under low-pressure dynamic
conditions. To address this issue, a wavelength modulation spectroscopy (WMS) method is proposed for

hydrogen and oxygen isotope measurements in water vapor. A distributed feedback (DFB) laser centered
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at 1. 863 pm was employed, and a miniaturized detection system with a 12 m optical path and an 80 cm? ab-
sorption cell was developed. By means of a single scan, simultaneous detection of H,"O, H,"0O, H,"0O,
and HDO was achieved. Calibration experiments were performed using different standard water samples,
and relationships were established between the fitted integrated area ratios and isotope reference values.
Hydrogen and oxygen isotope ratios, together with the corresponding & values, were then obtained. The
fitted integrated areas exhibited linear relationships with water vapor pressure, with correlation coefficients
exceeding 0.99. Under a steady pressure of 340 Pa, the optimal integration times were determined to be
18 s, 23 s, and 20 s for 6D, 60, and 67O, respectively. The minimum Allan deviations were 2. 015%;,
3.636%, and 1.317%,. Simulated lunar-soil experiments further verified dynamic isotope monitoring,
and isotope variations during adsorption fractionation were successfully captured. The 10%-90% pressure
response time was 71 s. A comparison experiment was also conducted using a direct absorption system at
2.731 pm as a reference, with an optical path length of 25 m. Consistent 6D variation trends were ob-
served in both systems. The proposed method enables steady-state and dynamic measurements of hydro-
gen and oxygen isotopes in water vapor under low-pressure conditions, thereby providing technical support
for miniaturized in situ isotope detection in dynamic environments.
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Fig.3 Representative fitting results and residuals of nor-

malized 2f signals for standard water No. 4 at
1100 Pa and 36 °C
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Fig. 6 Linear relationships between fitted integrated area
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channel and reference ¢ values for different stan-

dard water samples at 1 060 Pa
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Fig. 8 Dynamic responses of pressure and isotopes for
standard water sample No. 4 during simulated lu-

nar-soil adsorption fractionation at 340 Pa
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Tab.5 Comparison of water vapor detection capability and key multi-pass cell parameters between two detection systems

Parameter

1. 863 pm WMS system

2.731 pm DAS system

Dimensions
Weight
Optical path length
Volume
Optical path length-to-volume ratio

Detection limit (partial pressure)

182 X 53 X 53 mm

275 X 129 X 103 mm

2.98 kg 5.81 kg
12m 25m
80 cm’ 210 cm®
0.150 m/cm’ 0.119 m/cm’
1.92 Pa 1.05 Pa
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Fig.9 Comparison of 6D results measured by 1.863 um
WMS with a 12 m path and 2. 731 pm DAS with

a 25 m path
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