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Introduction:  The work outlined here was carried 

out within the framework of ESA’s PROSPECT pro-

gramme, which will provide both a sample drill and 

miniaturised mass spectrometer system for flight on-

board the planned Russian Luna-27 mission to the lu-

nar south pole.  There, it aims to collect samples of 

regolith, containing water ice and other volatiles, and 

to make isotopic and abundance measurements to fin-

gerprint the source(s) of these volatile species. Howev-

er, it is necessary to first consider how any localised 

temperature increases during sample acquisition activi-

ties may result in water ice loss via sublimation and 

thus isotopic modification of the remaining residual 

ice. To attempt to address these concerns, a suite of 

sublimation experiments were conducted at the La-

boratoire de Géologie de Lyon during the summer of 

2016, where a method for performing such experiments 

was already established [1]. The results of this work 

will help to inform modelling which will extrapolate 

the data down to lunar-relevant conditions. 

Experimental Procedure:  For all experiments, 

the same starting water reservoir was used, and its 

composition remeasured alongside each batch of sam-

ples to take into account any isotopic evolution over 

time within the starting water reservoir. A 0.5 mL ali-

quot of water was measured out from the reservoir 

flask of starting water (doubly-distilled Rhône river 

water, with an initial δD value of -75.69 ‰) using a 

micropipette, transferred into a small PyrexTM glass 

round-bottomed vessel for weighing (using a balance 

accurate to ± 0.0001 mg), and then introduced into the 

vacuum system. Before exposing the water aliquot to 

vacuum, the water inside the round-bottomed vessel 

was frozen using a bath of liquid nitrogen (LN).  Once 

frozen, the vessel was opened to the vacuum line and 

pumped down to the appropriate pressure. Then, the 

vacuum line was isolated from the pumps and the tem-

perature-controlled cryogenic trap (TCCT) was cooled 

(again with an external bath of LN), ready for the trans-

fer of the water aliquot (see Figure 1 for a schematic 

diagram of the TCCT set-up).  Water transfer into the 

TCCT was facilitated by the use of a hand-held heat 

gun. After water transfer was complete (monitored by 

watching the pressure of the vacuum line fall as water 

vapour was trapped down into the TCCT), the vacuum 

line was again opened to the pumps to ensure full re-

moval of all untrapped vapour from the system.  After 

approximately ten minutes, the line was again isolated 

from the pumps and the system was ready for sublima-

tion to begin. 

  

Figure 1: TCCT Section of Vacuum Line 

 

Temperatures of sublimation were controlled by 

use of a thermal resistance heating wire coiled around 

the sample tube inside the TCCT, balancing out the 

cooling effect of an external bath of liquid nitrogen, 

and with efficient heat transmission ensured by an en-

velope of helium gas between the LN bath and the 

heating coil/sample tube (Fig. 1).  Temperatures were 

monitored in real-time by use of a thermocouple posi-

tioned at the lowest point of the TCCT.  Once the de-

sired temperature was reached, the temperature was 

able to be held at this value, accurate to within ± 2 °C 

of the target temperature. 

During sublimation, a separate pre-weighed empty 

PyrexTM vessel with a glass valve was cooled using a 

bath of LN, for trapping of any water vapour released 

during sublimation (the ‘sublimate’).  This process was 

repeated after sublimation by heating up the TCCT to 

30 °C and collecting all of the residual ice as vapour in 
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a third pre-weighed empty PyrexTM vessel. Amounts of 

sublimate and residue were then calculated by re-

weighing the now-full valved collection vessels and 

subtracting their empty weights. 

Finally, both sublimate and residue water fractions 

were transferred into small (1 μL) glass vials using 

separate syringes, stored in an oven at 60 °C between 

uses, and sealed with metal caps containing septa, 

ready for isotopic analysis. Samples were loaded into 

an autosampler and analysed for D/H using a chromi-

um-based reactor tube installed in a EuroEA3028-HT 

elemental analyser, connected to an IsoPrime isotope 

ratio mass spectrometer. 

Results:  Until ~35 % of water ice was lost to the 

vapour phase, the isotopic composition of both the 

sublimate and residue samples remained relatively con-

stant; sublimate samples were only slightly enriched in 

H compared to the initial water ice composition, with 

residue samples correspondingly enriched in D (Figure 

2).  For both sublimate and residue samples, measured 

isotopic values fell within ± 5 ‰ of the initial ice com-

position. After 35 % sublimation, the fractionation 

trend reversed, with a significant enrichment in D for 

sublimate samples and an enrichment in H for residue 

samples. These results imply that at least around 1/3 of 

the starting water ice can be lost before any significant 

fractionation of the residual ice occurs, at both -75 °C 

and -100 °C.   

 

 
Figure 2: The relationship between individual isotopic 

measurements of residual water ice with the amount of 

water in the vapour phase 

 

Further, no significant increase in the rate of subli-

mation was observed when temperature was kept con-

stant and the pressure of the vacuum system was re-

duced from 10-3 to 10-5 mbar (Figure 3), and thus the 

fractionation behavior at both pressures was almost 

identical (Figure 4). 

 
Figure 3: Comparing the amounts of sublimation ob-

served at both pressures up to ten minutes duration 

 

 
Figure 4: Identical isotopic compositions of residual 

water ice samples at constant temperatures but chang-

ing pressures 
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