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Introduction:  Interpretation of spectroscopic data 

from the OVIRS [1] and OTES [2] instruments onboard 
NASA’s OSIRIS-REx asteroid sample return mission 
[3] depends on the spectroscopic properties, particle 
size and temperature of materials present on Bennu’s 
surface [4, 5]. Spectral indices of silicates, carbonates, 
sulfates, oxides and chemicals available on public data-
base are commonly obtained at room temperature and 
pressure. Up to now few studies [6] were performed an-
alyzing the effects of space environment such as low 
pressure and temperature on spectroscopic features of 
minerals. In particular, whether temperature can affect 
spectral properties of minerals such as the peak emissiv-
ity position, band area and shape, was questioned dec-
ades ago, but today a systematic laboratory study on 
such effects is still missing. Other changes in spectral 
features are strictly related to particle size distribution. 
Thus, it’s important to acquire spectra in vacuum, at var-
ious temperatures and with variable particle sizes for 
better simulating space environmental conditions.  

Laboratory methods: Our experimental apparatus 
at INAF-Astrophysical Observatory of Arcetri allows 
reflectance measurements in an extended spectral range 
from VIS to far IR and at temperatures from 64 K to 500 
K with temperature stability ±0.1 K. The temperature 
range explored in the laboratory was chosen to be wider 
than that measured on Bennu’s surface during the 
OSIRIS-REx encounters (about 180-380 K). Interfacing 
an Oxford Instruments cryostat with a Bruker FT-IR in-
terferometer we are able, with the proper mirror geom-
etry, to acquire reflectance spectra of different pow-
dered samples. The cold finger of the cryostat with its 
sample holder is placed inside a micro tail equipped 
with different windows transparent at each spectral 
range analysed. Inside the micro tail high vacuum with 
pressure <10-6 mbar is obtained with a turbo molecular 
pump. 

Mineral phases of interest to OSIRIS-REx are py-
roxene; olivine, cronstedtite, chrysotile lizardite, an-
tigorite, hematite, spinel, and magnetite, and meteorites 
analysed are Murchison (CM2.5), Mighei (CM2), 

Tagish Lake (CI2), Ornans (CO), Allende (CV3), Re-
nazzo (CR). Samples are prepared with particle sizes 
ranging from 1 mm to less than 20 microns.  

Results: Spectroscopic changes on reflectance spec-
tra were observed in the VIS-NIR-MIR range at temper-
atures ranging from 64 to 500 K. Our results show that 
temperature induces peak position shifts of few cm-1 
every 100 K (see as an example Fig 1) and band areas 
of hydrated minerals from the group of phyllosilicates 
such as antigorite and lizardite increase with tempera-
ture reaching maximum values of 12% at about 350 K, 
then decrease at higher temperatures showing a bell 
shape profile.  

At the current temperatures relevant for Bennu, peak 
position changes are not detectable at spectral resolution 
of both OTES and OVIRS. However, the band area 
changes are encouraging to infer physical and composi-
tional properties of Bennu’ surface, especially compar-
ing perihelion and aphelion observations when the tem-
perature variation on Bennu are largest. 
 

 
Figure 1 – Antigorite reflectance spectra (particles 

size <20 µm) in medium infrared range at different tem-
perature in vacuum.  
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