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Abstract: The presence of water in lunar materials can significantly impact the evolution of lunar geology and environ-

ment, as well as provide necessary conditions for the utilization of lunar resources. However, due to the limitations of
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lunar remote sensing methods, it is challenging to obtain direct evidence of water or determine its form of occurrence.
Laser Raman spectroscopy, on the other hand, can provide valuable information on the type, distribution, and content
of water in lunar materials without the need for illumination, sample pretreatment, or destructive measures. In this
study, we utilized Raman spectroscopy to detect and quantify the water-containing characteristics of typical lunar rocks
and minerals, including adsorbed water, ice, crystalline water, and hydroxyl-structured water. First, we used a 532 nm
laser micro-Raman spectroscopy to identify and analyze the water-containing signals of various forms of water in lunar
soil simulants. We then examined and analyzed the detection limits of adsorbed water, crystalline water, and hydroxyl-
structured water in these simulants, as well as the relationship between their content and signal intensity. Finally, we
employed linear regression (LR), ridge regression (RR), and partial least squares regression (PLSR) to quantitatively
analyze the contents of these three forms of water in the lunar soil simulants. Our results demonstrate that the character-
istic spectral peaks of the four forms of water in the lunar soil simulants can be clearly identified, with peak distribution
regions located at 100-1 700 cm™ and 2 600-3 900 cm™ for the lunar soil components and water bodies, respectively.
The spectral peaks of water are a combination of broad envelope peaks of hydrogen-bonded OH and sharp peaks of non-
hydrogen-bonded OH stretching vibrations in varying proportions. The detection limits for adsorbed water, crystalline
water (MgSO,"7H,0) , and hydroxyl water (ALSi,0,(OH),) in the lunar soil simulants are 1.3 wt% , 0.8 wt%, and
0.3 wt%, respectively. There is a linear relationship between the intensity of water-containing peaks and the water con-
tent in the lunar soil simulants, with root mean square errors of 1. 75 wt%, 1. 16 wt%, and 1. 19 wt% obtained through
LR, RR, and PLSR. Overall, our study highlights the potential of Raman spectroscopy as a non-destructive and accu-
rate method for detecting and quantifying water in lunar materials. By utilizing this technique, we can gain valuable in-
sights into the water content and distribution in lunar materials, which can greatly aid in our understanding of lunar geol-
ogy and the potential for resource utilization.

Key words: Raman spectroscopy, material composition, lunar south pole, water ice detection, quantitative analysis
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Raman characteristic bands of minerals in lunar soil
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Fig. 2 Raman spectral features of water in high wavenumber
region (2 600-3 900 cm™) in hydrated samples: (a) broad en-
velope characteristic peak; (b) non-hydrogen bonded hydrox-

yl characteristic peak; (c) mixed mode peak
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Fig. 3

line water, hydroxyl water, and ice in Lunar soil simulant:

Raman spectral features of adsorbed water, crystal-

(a) liquid adsorbed water; (b) magnesium sulfate heptahy-

drate crystalline water; (¢) Kaolinite hydroxyl water; (d) ice
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Fig. 4 Relationship between peak area and water content of
three water forms in lunar soil simulants: (a) relationship be-
tween peak area and water content; (b) relationship between
peak area peak normalized and water content; (c) estimation

of water detection limit
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Fig. 5 Changes and comparison of Raman peaks with water
content in different matrices (olivine and pyroxene) : (a) Ra-
man peaks of olivine and liquid water; (b) Raman peaks of
pyroxene and liquid water; (c) comparison of water-contain-
ing Raman peaks in two matrices; (d) relationship between

peak intensity and water content
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Fig. 6 Changes in Raman spectra of pyroxene with adsorbed

water over evaporation time
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Fig. 7
three regression models: (a) RR; (b) PLSR; (c¢) LR; (d)

determination of optimal regularization parameter in RR; (e)

Inversion of water content in lunar soil simulanta by

determination of optimal number of principal components in
PLSR
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