
Response to the Editor’s comments 

We thank Dr Kaiser for his helpful comments at all stages of the reviewing process. Replies 

to this round of comments are given below in black font. 

Editor’s comments: 

In the abstract, the authors suggest that the "However, the overall fractionation in D(17O) is 
small thus allowing the preservation of an atmospheric signal." Overall fractionation might be 
understood to mean the difference between the D(17O) of asymptotic nitrate and 
atmospheric nitrate. Perhaps the term "apparent D(17O) fractionation constant" would be 
more appropriate, to be consistent with the remainder of the paper. Also, the sentence might 
be understood to mean that the atmospheric D(17O) signature is preserved in ice core nitrate 
on the plateau. However, as Fig. 8 shows D(17O) in asymptotic nitrate is up to 5-13‰ lower 
than D(17O) in the top 2 cm, so this suggestion does not appear to hold water. 
 
We agree that the term “apparent fractionation in D(17O)” is more appropriate. Also, we 
agree that only a portion of the atmospheric D(17O) signature is preserved. The abstract 
sentence now reads : “However, the apparent fractionation in D(17O)  is small thus allowing 
the preservation of a portion of the atmospheric signal”. 
 
Referee #1 suggested measuring the isotope effect during nitric acid evaporation using 
H15NO3. The authors replied to the reviewer that the equilibrium vapor pressure at in situ 
conditions would be too low to do this. They also cited thermodynamic calculations that 
discount the existence of a possible quasi-liquid layer below -30°C. Notwithstanding that any 
thermodynamic calculations would need to be verified by observations for a concentrated 
brine-nitrate-water mixture, their evaporation experiments were done at temperatures of -
30°C and above. In any case, the approach suggested by referee #1 would seem to be a 
sensible as a first step, this would seem to be viable and feasible approach to measure any 
associated isotopic fractionation, given the significant vapor pressure of nitric acid. Of 
course, the isotopic fractionation might vary with temperature and there may be secondary 
effects due to the interaction between HNO3 and water in a mixture. However, such effects 
may be taken into account using thermodynamic calculations using the Gibbs-Duhem 
equation (Janco and Van Hook (1974), Chem. Rev. 74, 689-750). 
 
We thank both the referee and the editor for suggesting this experiment but again we think 
that the proposed experiment is inadequate in the context of our experiment. Firstly snow at 
DC cannot be compared to a brine-nitrate-water mixture like frozen seawater.  Regarding the 
Quasi-Liquid Layer, notwithstanding its thickness as function of temperature, the main issue 
is that properties of this layer cannot be approximated by a liquid layer and there is now a 
consensus that such wording should actually be avoided [1] to limit confusion between a 
disordered layer and a liquid layer. 
 
In order to clarify the reasons why we think such an experiment may pose more 
questions than solutions we reproduce below the diagram phase of HNO3/H2O mixture [2] 
 



 
 
The orange box symbolizes the experimental conditions proposed by the referee (fixed by a 
vapor pressure of HNO3 in a range of Torr which allows a possible comparison between 
P(H14NO3) and P(H15NO3) at a reasonable precision, estimated to be in range of few 
mTorr, using a good capacitance pressure gauge with enough precision). Note that in this 
range of pressure values, adsorption of the sticky HNO3 gas can cause serious problems for 
the pressure measurements but has been ignored here for simplicity. The grey box 
represents the range of conditions found in the field (few pptv of HNO3 at -15 to -40°C). 
 
It seems to us that the “referee” and DC situations are very different.  The difference between 
the 2 situations covers more than 9 orders of magnitude in pressure, 4 in concentration, two 
different phases with HNO3 form dominating the “referee” case and NO3

- the DC case [3, 4], 
two different situations that we think cannot be reconciled by the disordered layer [1] at 
temperature prevailing at DC (-15 to -50 °C). 
 
However, it remains true that experimental investigations are needed to increase our 
knowledge of the physical, chemical and isotopic characteristics of the snow/nitrate 
interactions with and without solar illumination. Work is in progress in our laboratory and 
elsewhere to further address these issues. 
 
 
 
 
 
 



NOx and nitric acid and/or nitrate readily exchange nitrogen isotopes, leading to substantial 
enrichment of 15N in the more oxidized phase (Brown and Begun (1959), Journal  of 
Chemical Physics 30, 1206-1209), e.g. +(64±1) ‰ for 1 M HNO3 solutions. Isotopic 
exchange rates may be lower at lower concentrations, but the isotopic fractionation will 
presumably be similar, if not larger. Such nitrate concentrations do not appear to be 
unattainable and just as there are "cage effects" for oxygen isotopes, local conditions in the 
snow might be conducive to isotope exchange between nitrogen species. Intermediate 
species generated by nitrate photolysis might catalyze this exchange. Such equilibrium 
isotopic fractionation would add to any kinetic isotopic fractionation, which may be attributed 
to absorption cross section difference between nitric acid isotopologues. Have the authors 
undertaken any calculations or modeling to establish the potential significance of equilibrium 
isotope fractionation? They only seem to have considered equilibrium fractionation between 
HNO3 and NO3-. This would seem to be a potentially relevant process, especially if, as 
stated by the authors, photoproducts undergo oxygen isotope exchange and NOx has a 
longer lifetime than HNO3. 
 
We thank Dr Kaiser for drawing our attention to the isotopic exchange occurring between 

nitrogen species. We did not undertake any calculation or modeling to establish the potential 

significance of this equilibrium isotope fractionation. However, we can explain why we 

believe that the isotopic fractionation is dominated by the photolytic process and not some 

isotopic equilibrium between nitrate and its photo-products. 

In the case of photolysis, it is expected that the fractionation factor will vary depending on the 

light spectra. The isotopic fractionation of N atoms by nitrate photolysis is believed to occur 

because the two isotopologues (14NO3- and 15NO3-) should have slightly different 

absorption cross sections as discussed in Frey et al, 2009 [5] and thus the fractionation 

factor (i.e. the ratio of the photolysis rates) will directly depend on the light spectra. In Blunier 

et al 2005 [6], the use of a pure Xe lamp to photolyze nitrate in snow leads to fractionation 

constants of (-11.7±1.4)‰ a value contrasting with the -54‰ apparent fractionation constant 

measured from DC snow pits. Frey et al, 2009 were able to reconcile the laboratory and in 

situ observations by considering the photolysis as the primary process, something not 

possible with the exchange process.  We have conducted photolysis experiments in the field 

[7] as well as in the lab [8] by varying the output spectra of the incident light using different 

UV filters and results are again consistent with the photolysis and not an isotopic exchange, 

(variation of fractionation factor observed at constant T but varying wavelength). These 

works, available to the editor, are currently reviewed by the authors and soon will be 

submitted. To conclude, we have good evidence that N isotopic fractionation occurs at the 

stage of the production of NOx under the effect of nitrate UV-photolysis. N isotopic 

equilibrium occurring between the NOx photo-products and nitrate ions is less likely to occur 

although it cannot be entirely ruled out as a secondary effect on top of the photolysis effect, 

adding its effect to the apparent fractionation factor observed but as now observations seem 

to indicate that this effect is minor. Work is in progress to test this idea. 
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