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Imaging Infrared Spectrometer (IIRS) on-board 
Chandrayaan-2 is designed to measure lunar reflected 
and emitted solar radiation in 0.8–5.0 μm spectral 
range. Its high spatial resolution (~80 m) and extended 
spectral range is most suitable to completely charac-
terize lunar hydration (2.8–3.5 μm region) attributed 
to the presence of OH and/or H2O. Here we present 
initial results from IIRS reflectance data analysed to 
unambiguously detect and quantify lunar 3 μm absorp-
tion feature. After pre-processing and data-reduction, 
a physics based thermal correction analysis of IIRS 
reflectance spectra has been done using co-located 
temperature measurements. Hydration absorption 
was observed at all latitudes and surface types with 
varying degrees for all pixels in the study area and its 
absorption depth shows distinct variability associated 
with mineralogy, surface temperature and latitude. 
 
Keywords: Imaging Infrared Spectrometer, lunar  
hydration, Moon, reflectance data, thermal correction. 
 
UNTIL recently, the Earth’s only natural satellite, viz. the 
Moon, was thought to be an anhydrous body and consi-
dered to be bone dry1–3. This view about the Moon 
changed with the remote sensing-based results obtained 
from Moon Mineralogy Mapper (M3) data, a reflectance 
imaging spectrometer on-board India’s first mission to 
the Moon, Chandrayaan-1 (ref. 4). M3 has contributed  
immensely towards the detection of widely distributed 
hydration signatures across the Moon and at places, loca-
lized and more isolated occurrences using 3 μm spectral re-
sponse4–8. The hydration was also observed from deep 
impact, Cassini, earth based telescopic observation and 

several other laboratory studies9–11. The hydration feature 
in the 2.8–3.5 μm spectral region of the electromagnetic 
spectrum (more commonly the ‘3 μm band’) is due to the 
presence of hydroxyl (OH) groups attached to a metal  
cation or molecular water (H2O), or a combination of the 
two. Remote detection of water and/or hydroxyl signa-
tures on the lunar surface has acquired significant impor-
tance as it provides important clues to understand the 
various sources such as exogenous and endogenous origin 
and OH/H2O production mechanism that have led to their 
detection on the lunar surface. Interpretation of radiance 
spectra of the Moon in the 3 μm region requires a thermal 
correction to lunar surface reflectance in non-polar re-
gions owing to high daytime temperature of the Moon 
(often higher than 300 K), and contribution of thermally 
emitted radiance in the spectra beyond 2.5 μm (refs 12, 
13). Improved algorithms have been developed to accu-
rately account for thermal correction for M3 data using 
realistic temperature estimates from Diviner data14. How-
ever, due to the limited spectral coverage of M3, viz. only 
up to 3 μm, the exact nature of the observed hydration 
signatures could not be ascertained due to uncertainties 
associated with thermal correction. This made discrimina-
tion between OH and H2O detection difficult and could 
not be accomplished using M3 data11. It has been sug-
gested that observations of the lunar surface at wave-
lengths beyond 3 μm greatly improve the removal of 
thermal emission12. It has been strongly recommended to 
have spectral bands up to 5 μm to implement thermal cor-
rection by simultaneously estimating the surface tempera-
ture of the Moon. Imaging Infrared Spectrometer (IIRS) 
on-board Ch-2, has been designed to cover an extended 
spectral range from 0.8 to 5 μm in order to understand the 
exact nature and accurate quantification of the observed 
lunar hydration. Since the successful launch of Ch-2, this 
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spectrometer has been mapping the lunar surface at a spa-
tial resolution of ~80 m in 256 spectrally contiguous 
channels from a circular orbit of 100 km (ref. 15). The 
primary objective of IIRS is to detect and map the lunar 
surface composition and volatiles to understand the origin 
and evolution of the Moon in a geologic context. Even 
though almost 95% of the lunar surface has been already 
mapped by Chandrayaan-1 M3, IIRS having a relatively 
higher spatial and spectral resolution and an extended 
spectral range beyond 3 μm, will reassess the chemical 
make-up of the lunar crust and provide a global inventory 
of lunar hydration by discriminating OH, H2O and water 
ice/ice frost in the polar regions. Specific science objec-
tives of IIRS include identifying and mapping the lunar 
minerals and hydration feature. The spectral range of 2.5–
3.5 μm is of utmost use for characterizing the hydration 
type, i.e. whether OH/H2O/H2O–ice is present in the lunar 
regolith and within the bedrock exposures of nominally 
anhydrous minerals all over the Moon as well as on the 
lunar poles. IIRS has been making systematic observa-
tions of the Moon since September 2019 from a circular 
orbit of 100 km over the lunar surface. Here we present 
initial results from Ch-2 IIRS hyperspectral data analysis 
to characterize lunar hydration at the 3 μm band and con-
strain thermal correction of lunar spectral reflectance  
between 2 and 5 μm. This orbital dataset from the Moon 
allows us to fully characterize the 3 μm absorption fea-
ture associated with OH and H2O at relatively high  
spatial resolution. We quantify the lunar surface hydra-
tion (the sum of molecular water and hydroxyl group, 
known as ‘total water’) and provide an understanding for 
spatial distribution and linkages with mineralogy and sur-
face temperature.  

Data used 

Ch-2 is Indian Space Research Organisation’s (ISRO’s) 
second mission to the Moon launched on 22 July 2019, 
with an orbiter, lander and rover for detailed analysis of 
lunar topography, mineralogy, surface chemistry, thermo-
physical characterization of the regolith and atmospheric 
composition. IIRS is one of payloads on-board Ch-2, 
which is placed in a 100 km polar orbit to acquire global 
 
 
Table 1. Major specifications of Imaging Infrared Spectrometer payload
 on-board Chandrayaan-2 

Parameters Values 
 

Payload platform attitude (km)  100 
Spatial resolution (m) at nadir 80 
Swath (km) at nadir  20 
Spectral range (μm) 0.8–5.0 
Spectral resolution (full width half maxima; nm) ~20 
Noise equivalent differential radiance (NEdR; mW/cm2/μm/sr) ≤0.005 
No. of spectral bands 256 
Quantization (bit) 14 

scientific data. It is a grating-based dispersive instrument 
designed to measure reflected solar radiations and ther-
mal emissions from the lunar surface in the spectral range 
0.8–5 μm with spectral sampling of ~20 nm in 256 conti-
guous spectral bands15. Imaging with 80 m ground sam-
pling distance and 20 km swath at nadir view from 
100 km orbit altitude provides high-resolution spectral  
information to detect, characterize, quantify and map the 
lunar surface composition and volatiles, including hydra-
tion feature at 3 μm. Table 1 shows the major technical 
specifications of IIRS. 
 The raw data collected from the IIRS payload were 
processed to correct the distortions present in them before 
being archived. Data processing for hyperspectral cubes 
of IIRS was done at three defined levels. Level-0 dataset 
consists of payload raw data (as they are collected from 
the payload), ancillary data (mainly SPICE kernels gen-
erated from the mission) and housekeeping data (health 
of the spacecraft). Level-1 data are radiometrically  
corrected, geometrically tagged and corrected for dark 
noise obtained before acquisition of each data strip.  
Level-1 dataset consists of processed radiance data 
(mW/cm2/μm/sr) along with Seleno tagging in four dif-
ferent exposures and two different gain settings. The no-
minal data were acquired in exposure 1 (E1) and gain 2 
(G2) settings. Spectral coverage of IIRS payload was 
achieved by joining four band-pass order sorting filters 
(OSFs) as part of the focal plane array joining around 1.2, 
1.9 and 3.5 μm regions for achieving total spectral range. 
 Three strips of level-1 data collected during the first 
optical season were used for initial analysis for E1/G2 
gain setting for three different dates, i.e. 16 June 2020 
(strip-1), 12 June 2020 (strip-2) and 8 June 2020 (strip-3) 
respectively, and results have been presented. All the data 
strips selected for the analysis were from latitude range 
between 29°N and 62°N of the Moon, covering a broad 
range of geological settings in terms of lunar mare and 
highland regions. At the time of writing this article, IIRS 
coverage for the polar region beyond 62°N had not yet 
been acquired. The present study region has been pre-
viously shown to contain OH/H2O (refs 4, 14). Figure 1 
shows spatial coverage of these three data strips overlain 
on the global lunar reference image. 

Methods 

Spectrally and radiometrically calibrated level-1 IIRS 
spectral radiance data cubes were subjected to various  
data reductions, including per pixel lunar surface temper-
ature estimation, thermal emission correction beyond 
2 μm, conversion to apparent reflectance and empirical 
line correction for smoothing the observed reflectance 
spectra to detect 3 μm absorption caused by the presence 
of OH and H2O, which could be further used to quantify 
water abundance. Figure 2 a shows the distribution of 
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Figure 1. Chandrayaan-2 (Ch-2) Imaging Infrared Spectrometer (IIRS) data strips used in the present analysis overlain on LROC-WAC global 
mosaic to show their locations and geological context. 
 

 
IIRS spectral radiance between 0.8 μm to 5 μm range, for 
selected pixels of data strip-2. Lunar spectra beyond 
2 μm and below ~70° latitude were strongly affected by 
an additional component of thermally emitted radiance 
due to elevated surface temperature during sunlit condi-
tions13,16. Relatively warmer pixels have higher radiance 
in the 4–5 μm range due to more thermal emission when 
compared to a cooler pixel. 

Apparent reflectance conversion of IIRS spectral  
radiance data  

The apparent spectral reflectance from measured spectral 
radiance dataset was calculated as follows13 
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where L(λ) is the spectral radiance measured by IIRS, 
F0(λ) the incoming average solar flux on the lunar surface 
at 1 Å distance, D the mean Sun–Moon distance, θ the 
solar incidence angle on the lunar surface and λ is the 
wavelength. 
 F0(λ) was computed for spectral response for IIRS 
bands between 0.8 and 5 μm. Figure 2 b shows the latitu-
dinal distribution of apparent spectral reflectance for the 
corresponding spectral radiance data shown in Figure 2 a. 
It can be clearly seen that spectral reflectance is dominat-
ed by thermal emittance beyond 2 μm and has strong lati-
tudinal dependence as a function of lunar surface 
temperature. 

Lunar surface temperature estimation and thermal  
emission correction 

As discussed above, beyond about 2 μm, near‐infrared 
spectra from the lunar surface contain a mixture of  
reflected sunlight and thermal emission caused by heating 
of the surface from the Sun. Such thermal emission com-
plicates analysis of absorption features in the 3 μm and 
longer wavelength regions16,17. Accurate removal of 
thermal emission is vital for the study of the 3 μm feature 
and its variation in space and time. Different algorithms 
have been developed to remove thermal effect from  
reflectance imaging spectrometer datasets, mainly for the 
M3 instrument13,14. Unlike the M3 dataset which termi-
nates at 3 μm wavelength range, IIRS spectral data have 
the advantage of simultaneous measurements of spectral 
radiance in the 4.5–4.9 μm range, recording purely emit-
ted energy from the lunar surface. An algorithm has been 
developed to invert the lunar surface temperature using 
spectral radiance data in the 4.5–4.9 μm range. For each 
wavelength, radiance L(λ), recorded by IIRS, is the sum 
of reflected solar irradiance and emission due to tempera-
ture of the surface given by eq. (2) below. 
 
 0 )( ) ,( ( )TL L Lλ λ λ= +  (2) 

 
where L0(λ) is the reflected radiance, LT(λ) the thermal 
emission radiance by the surface temperature T, and 
LT(λ) = εB(λ, T), where B(λ, T) is Planck function at  
lunar surface temperature T (K), ε is the emissivity of the 
surface. 



RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 121, NO. 3, 10 AUGUST 2021 394 

 
 

Figure 2. Per pixel latitudinal dependence of (a) spectral radiance and (b) apparent spectral reflectance as recorded for strip 2 by 
Ch-2 IIRS over the lunar surface. Thermal emission from the lunar surface from lower latitudes (C) dominates the spectra beyond 
2.5 μm, compared to higher latitude regions (A). A relatively warm pixel shows higher radiance and reflectance values when com-
pared to a relatively cold pixel. Vertical bars depict the location of order sorting filters for IIRS.

 
 

 
Figure 3. Lunar surface temperature values inverted for wavelength
range between 4.5 and 4.9 μm for two representative pixels of IIRS
data. Mean value is assigned as final temperature to the pixels of IIRS
data. An uncertainty value of ± 0.5 K is observed for most of the
retrievals for 0.95 lunar surface emissivity. 
 
 
 Incoming solar irradiance for wavelengths more than 
4.5 μm is usually minimal compared to thermal emission, 
except for very cold surfaces and can be considered  
negligible. Hence, the solar component in apparent ref-
lectance can be ignored and it can be assumed that  
radiance observed beyond 4.5 μm is only due to thermal 
emission. Many previous studies have suggested that an 
approximate emissivity value of 0.95 can be considered 

for the lunar surface and surface temperature for the  
pixels is calculated by inverting Planck’s law10. With this 
assumption, the calculated temperature will have an  
uncertainty of ~3–4 K, due to assumed emissivity. Such 
small uncertainty in temperature will have negligible im-
pact over reflectance values for thermal correction in the 
2–3.5 μm spectral range. Using IIRS hyperspectral data, 
temperature values are inverted for different wavelengths 
between 4.5 and 4.9 μm, and a mean value is assigned as 
the final temperature to the pixel in question. It has been 
observed that in this wavelength region lunar surface 
temperature is more or less constant, as the lunar surface 
acts as an isothermal body. Figure 3 shows the retrieved 
surface temperature values between 4.5 and 4.9 μm spec-
tral range for two representative pixels having different 
temperatures. Following this approach the lunar surface 
temperature for all three data strips was estimated. Figure 
4 shows the estimated lunar surface temperature maps for 
the analysed IIRS data. Using the derived per pixel tem-
perature values, thermal reflectance was calculated for 2–
3.5 μm using Planck’s law. Figure 5 shows the estimated 
thermal radiance and reflectance (I/F) values for different 
lunar surface temperature values. Using the eq. (3) below, 
the thermal corrected lunar surface reflectance values are 
obtained. 
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where R0(λ) is the reflectance after removing thermal 
contribution between spectral range 0.8 and 3.5 μm. Fig-
ure 6 shows the result of thermal correction of IIRS spec-
tra for different lunar temperature values and for different 
surface compositions. 
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Figure 4. Lunar surface temperature maps for the three analysed strips generated from Ch-2 IIRS  
radiance data showing temperature distribution and its variation with latitude.

 
 

 
 

Figure 5. (a) Estimated thermal radiance and (b) reflectance (I/F) for different lunar surface temperature values (K).
 
 
Results 

Detection of 3 μm OH and H2O absorption in IIRS  
spectra 

The hydration (OH and H2O) absorption feature in IR 
spectra was characterized on the basis of the spectral  
absorption band in the 3 μm region distributed broadly 
from 2.7 to 3.5 μm (ref. 10). These features are spread 
across the Moon and have been detected from the bright 
sunlit portions and permanently-shadowed craters of the 

polar regions18. On the lunar surface such absorption is 
generally attributed to the presence of OH, but may indi-
cate either distinct H2O or water ice or a combination of 
both. These combinations of O–H stretching fundamen-
tals and first overtone of 6 μm H–O–H bend, within the 
3 μm region can be identified and separated only by sen-
sors operating over the surface of the Moon with very 
high signal‐to‐noise ratio. Also, changes in the band posi-
tions arising due to differences in their crystal structure 
and nature of chemical associations make them spectrally  
different, for which interpretation is possible only with 
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Figure 6. Reflectance spectra of Ch-2 IIRS data (strip-2) before (solid line) and after (dashed line) 
thermal correction for different lunar surface temperature values. a, c, For lunar mare surface with 
surface temperature of ~350 K showing no hydration feature at 3 μm. b, For lunar plagioclase domi-
nated region with surface temperature of 325 K. d, For lunar highland regolith at 310 K showing a 
very strong lunar hydration feature at 3 μm.

 
 

 
Figure 7. Thermally corrected lunar spectra for IIRS data strip-2 for
bright anorthositic, mare and near-polar highland surfaces. It shows
significant lunar hydration feature varying with different surface com-
position types. 
 
 
high-resolution (both spectral and spatial) spectroscopic 
data. 
 Data strip-1 (lat. ~29–62°N and long. ~113–114°W) 
covers mostly the highland region passing through Cou-
lomb and Wegner craters. Data strip-2 (lat. ~30–62°N 

and long. ~59–61°W) covers parts of the lunar surface 
starting from the edge of the Pythagoras crater and pass-
ing through the highland region and then covers the mare 
region. Data strip-3 (lat. ~29–61°N and long. ~14–16°W) 
starts from Mare Frigoris, passes through parts of Montes 
Teneriff region and covers Mare Imbrium. Data strips-2 
and 3, lying in the mid-latitudes (between 29°N and 
62°N) cover mostly the mare region however intermittent 
highland patches are also sampled. Figure 7 shows ther-
mally corrected reflectance spectra from data strip-2 for 
different lithological units. It is clearly observed that pla-
gioclase dominated surfaces have stronger absorption 
with steep slope and band centre around 3–3.08 μm. 
However, the high-latitude spectra of mature highland 
rocks around 61°E show relatively weak absorption, 
while lunar spectra of lower latitudes show a very weak 
absorption feature linked to lunar hydration. 

Quantification of OH and H2O on the lunar surface 

The abundance of water and hydroxyl groups in the lunar 
and other geologic samples has been estimated tradition-
ally using infrared absorption near 3 μm. Empirical 
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Figure 8. Total hydration maps for thermally corrected Ch-2 IIRS strips analysed in the present 
study. The observed total water concentration varies between near zero to 800 ppm having strong 
control on mineralogy and latitude.

 
 
relations are established between absorption data for  
water and hydroxyl groups and Beer’s law is used to  
derive abundances. In the present study, spectra were  
acquired from regions representing lithological (mare, 
highland), latitudinal and topographical (slopes, rims, 
floor of the crater) variability, and analysed based on 
their band positions related directly to OH and H2O  
abundance known as total water. In order to observe the 
spatial distribution of lunar hydration and map its  
concentration, hydration abundance maps were generated 
from the reflectance spectra. Empirical relationship for 
estimating the abundance of H2O through remote sensing 
data has been developed and applied to the Moon using 
measurements of water-bearing glasses to calibrate M3 
data to water concentration19,20. To estimate the abun-
dance of total water, the method proposed by Li and  
Milliken20 has been used. Spectral parameter effective 
single‐particle absorption thickness (ESPAT), which is 
linearly proportional to the abundance of total water has 
been used in this study. Thermally corrected reflectance 
data were converted to single scattering albedo (SSA)21. 
Later, continuum-removed SSA values were used to  
generate ESPAT parameter at 3 μm. After the calculation 
of ESPAT, water abundance (ppm H2O) was estimated as 
follows22 
 
 H2O ppm = 0.8 * ESPAT3 * 10,000. (4) 
 
Figure 8 presents the total hydration abundance maps for 
the three strips. The observed total water concentration 

was found to vary from near zero in lower-latitude mare 
regions to ~800 ppm in plagioclase-rich regions, suggest-
ing strong control on mineralogy and latitudinal depen-
dence. 

Discussion 

In the analysed strips, the enhanced hydration features 
were observed for brighter albedo regions with highland 
lithology and towards higher latitudes (Figure 8). The 
spectra from bright fresh regions and those associated 
with sunlit portion of craters showed a stronger absorp-
tion strength and more hydration (indicated by red  
colour), than seen in the mature mare portions (Figures 7 
and 8). While the 2.8–2.86 μm absorption feature was 
more prominent in mare portion at warmer temperature 
(>320 K), the 3.0–3.05 μm absorption feature was present 
mostly at higher latitudes and for highland regions. The 
2.8–2.86 μm feature was assigned specifically to the OH 
group, which is the most abundant form of hydration on 
the Moon. In the mare region with temperature more than 
320 K, 2.8–2.86 μm absorption feature with shallow band 
depth was observed (Figure 7). This hydration feature al-
so shows latitudinal variation with increase in band depth 
at higher latitudes, even for mare surfaces. The broader 
3 μm absorption is the contribution of OH, but also with 
some H2O which is formed as a by-product after the pro-
duction of OH. It can also form when OH reaches close 
to its saturation12. The band position shifts to higher  
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wavelength after OH and H2O get transported to the cold 
polar traps and are preserved there in relatively higher 
concentration23. The fine-grained and rough-textured prop-
erty of lunar regolith provides significant surface area for 
adsorption of OH and H2O to be detected even when their 
abundance is very less or single-layered24. 
 The hydration feature in the lunar IR reflectance spec-
trum could be sourced from the surface by exogenic 
processes or can have an endogenic origin, i.e. mantle 
origin, or their combinations. Icy comets or water-bearing 
meteorites/asteroids are considered to have delivered OH 
and H2O into the early Moon forming the source for lunar 
primordial water25. Hydrogen isotopic analysis and  
reported D/H values are also indicative of cometary  
input26,27. This primary magmatic water is introduced 
within silicate minerals (such as, nominally anhydrous 
minerals, fluid inclusions) and volcanic glasses by prima-
ry crystallization of magma, that in turn serve as their 
storehouse. Olivine melt inclusion, lunar picritic glass 
beads, and apatite, a common and late crystallized igne-
ous mineral have also been reported to have significant 
concentration of water28–30. 
 However, the most common and widespread process 
for the formation of OH and H2O on the Moon is consi-
dered to be due to interaction of solar winds with the  
lunar surface31,32. This process is also termed as ‘space 
weathering’, which together with the micrometeoritic  
impacts form the most dominant surficial processes on 
the Moon. However, both processes act together in sourc-
ing and producing the lunar OH and H2O, as bombard-
ment of lunar silicate and oxide-rich regolith surface with 
high-speed (300–800 m/s) charged particles of plasma 
(proton and electron) from solar wind33 is accompanied 
by various physical and chemical changes12,24. In addi-
tion, the impact‐induced comminution results in crushing 
and fracturing of the minerals present therein and produces 
irregular surface with physical breaking of bonds. As 
these processes occur in vacuum, they enhance the chem-
ical reactivity of the regolith particles and produce unsa-
tisfied chemical bonds at the surface, at the defects and 
dislocation portions34. These sites serve as a fertile plat-
form for the adsorption and trapping of solar-wind proton 
to form OH and H2O. Proton adsorption on the charged 
surfaces, defects and grain boundary interfaces may result 
either in loosely bound physiosorbed, or strongly bonded 
and more stable chemisorbed water23,24 (Figure 9 a). Thus, 
if water is present, minerals with defects or terminal  
metal sites will initially and rapidly form chemisorbed 
OH on its surface by dissociate chemisorption24. Besides, 
surficial adsorption, trapping of a fraction of the incom-
ing charged solar protons in the defects and dislocation 
sites of minerals also forms OH by bonding with oxygen. 
In contrast to surface adsorption, protons that are  
implanted internally ~10 s of nanometer into the surface 
are more stable35–37. These processes with continued  
deposition of charged solar protons eventually evolve to 

form H2O in lunar regolith35,38. It is therefore the combi-
nation of both surface area and interior abundance of  
hydrogen that ultimately controls the depth and spectral 
position of the 3 μm feature. 
 As observed in Figure 10, the anorthositic highland ter-
rain characteristically shows a longer wavelength spectral 
feature towards 3–3.08 μm compared with the mare  
regions at higher temperature, where 2.8–2.86 μm is 
prominent. It could indicate presence of molecular water 
or combined involvement of both OH and H2O. Silicates 
with SiO4 tetrahedron structural units have strong bonds 
with readily available defects (cation vacancies) that 
could serve as potential sites to be filled by adsorbing OH 
and H2O. When compared to olivine (nesosilicates) and 
pyroxenes (inosilicates) that dominate the mare region,  
plagioclase feldspar from the highlands has a framework 
structure (tectosilicates; Figure 9 b–d) with large inters-
tices for large cations, and presence of higher abundance 
of chemisorption sites/dangling bonds4,24 consistent with 
their hydrous affinity. Also, the H2O partition coefficient 
between olivine and melt is smaller when compared with 
plagioclase and melt39. So, the observed compositional 
effect with more spectral absorption or hydrous concentra-
tion for anorthite-bearing highlands materials pertains to 
its crystal structure and thermodynamic properties. The 
present results therefore suggest that on the Moon, OH in 
the mare material with higher temperature (>320 K) has 
an absorption near 2.8–2.86 μm, while that in anorthositic 
highland material has a band near 3–3.08 μm or possibly 
longer (Figure 10 a and b). The OH–metal bond in tecto-
silicates is also much stronger than in pyroxenes. This 
will strengthen the absorption band so that a similar 
amount of OH in anorthosite will result in a deeper band 
and shifted towards longer wavelength, compared to OH 
in mare. Spectral features diagnostic of H2O also exist in the 
3 μm region (e.g. near 3.1 μm due to H–O–H bend mode). 
 The increase of hydration absorption band depth with 
latitude has been suggested by previous studies to be con-
trolled by temperature and is associated with stability of 
hydroxyl radical at low temperature40. Once, water mole-
cules are formed by solar wind proton implantation, they 
undergo temperature-driven distribution through desorp-
tion and reabsorption process during local daytime. 
Around midday OH and H2O are liberated through ther-
mal desorption while in early afternoon, they are reab-
sorbed through recombinative desorption, as reported 
from LRO-LAMP observations41. Repeated breaking and 
reestablishment of bonds allow these volatile molecules 
to migrate and accumulate at higher latitude cold traps24. 
At lower latitudes due to high temperature (>300 K), de-
sorption of OH and H2O is higher23,42 resulting in lower  
hydration. These observations are also consistent with  
results from satellites sensors, e.g. deep impact, Ch-1 M3 
and Lunar Prospector4,10,43. It has also been reported in 
previous studies that the mare regions have overall lower 
concentration of water than the highlands regions, which 
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Figure 9. a, Mode of occurrence of physiosorbed and chemisorbed water (OH/H2O) on the lunar 
regolith. While the former one is loosely bound and likely to be diffused easily, the latter is bonded 
strongly by covalent bond with the mineral. Disassociate chemisorptions results in strong chemi-
sorption of H2O that results in the breaking of H–O–H bond, and its dissociation to OH. b–d, Crys-
tal structures of (b) olivine with isolated (SiO4)4– tetrahedrons bounded by Fe and Mg cations, (c)  
pyroxenes with single-chained (SiO4)4– tetrahedrons bounded by cation bands and (d) anorthite with 
(SiO4)4– and (AlO4)4– tetrahedrons arranged in 3D framework network with large cations accommo-
dated in coordinated cavities. 

 
 

 
 

Figure 10. a, Reflectance spectra from plagioclase-rich highland regions showing spectral shift of peak absorption 
for fresher surface towards longer wavelength up to 3.1 μm. Relatively bright surfaces show deeper hydration feature 
with not much of surface temperature control. b, Reflectance spectra for mare surfaces showing spectral shift towards 
longer wavelength as a function of surface temperature. Cooler mare surfaces show peak absorption around 3 μm 
compared to warm mare regions having peak absorption around 2.8 μm. In general, plagioclase-dominated highlands 
have more hydration band strength. 
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may be due to lower overall number of activation sites 
and/or to lower binding energy for water on these 
grains41. 
 From the above discussion and spatial distribution of 
IIRS spectra in the 3 μm band along with band depth  
centre that shifts from ~2.8 to longer wavelengths, even 
up to 3.1 μm over anorthositic highlands and over higher 
latitudes, we can interpret that Ch-2 IIRS thermally cor-
rected reflectance spectra are suitable for unambiguous 
detection of OH and H2O. 

Conclusion 

The proper interpretation of hydration feature through 
spectral analysis is significant as it provides important 
inputs regarding geology and geophysics of the mantle in 
terms of their mineralogy, chemical composition, rheology 
and solar–wind interaction. This is also significant for  
future planetary exploration for resource utilization. The 
thermal stability of these hydration features depends upon 
how they interact with one another, with the surface  
and their environment at particular temperature range and 
therefore provides important clues about their origin and 
evolution. Three strips from Ch-2 IIRS sensor have been 
analysed for hydration feature given its high-spectral 
range extending up to 5 μm. The initial data analysis 
from IIRS, clearly demonstrates the presence of wide-
spread lunar hydration and unambiguous detection of OH 
and H2O signatures on the Moon between 29°N and 62°N 
lat., after incorporating physics-based thermal correction 
to reflectance data. Plagioclase-rich rocks have been 
found to have higher OH or possibly H2O molecules 
when compared to the mare regions, which were found to 
have more dominance of OH at higher surface tempera-
ture. As more data will be available for analysis in the  
future, a much better and complete picture of 3 μm spec-
tral absorption will emerge, highlighting the temporal  
dynamics, and mineralogical and surface temperature 
control of hydration process on the Moon. 
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