
Comments on Schmitt et al, AMTD 2013, 1409 
 
This manuscript by Schmitt and coauthors reports on a very important finding 
affecting carbon stable isotope measurements of methane in air, firn air, and ice 
bubble samples. During analysis, Kr in these samples is often poorly separated 
chromatographically from CH4; it co-elutes with the sample CO2 generated on-line 
from the methane peak and therefore can affect the quantitative assessment of the 
different isotopologues. 
 
Such phenomena are not new; they have for instance been encountered for nitrogen 
isotopes, which can suffer from argon interference (Mariotti, Nature 311; 1984) and 
for oxygen isotopes, which also suffer from argon (Sarma et al, Anal. Chem. 75; 
2003). In these cases, the underlying causes are not attributable to a direct isobaric 
interference of a particular peak; the effect is rather some undefined phenomenon, 
which has to be quantified in order to be correctable. Alternatively, and preferentially, 
the interfering Ar should be removed. 
 
In this paper, Schmitt and coauthors argue that the observed effect originates from 
Kr2+, m/z 43, which has a high-mass tail extending over several mass units, thus 
adding to the CO2 ion currents. Thus, the effect is attributed to the abundance 
sensitivity of the respective instrument, which in turn is a function of the mass 
dispersion and the geometry of the respective Faraday cups. Low mass dispersion 
instruments like the Isoprime instruments in Bern and Bremerhaven should exhibit a 
larger effect than the Delta+ XP in Utrecht or the 252 at Penn State, which seems to 
be the case, roughly (Figure 2). 
The abundance sensitivity is defined as the contribution from a neighboring mass ion 
current to the next. It is illustrated in the manuscript as Figure 7 (I would like to see 
real data here, not just a formal sketch). With He in the source, abundance sensitivity 
usually ranges from ~ 10-4 for the smaller instruments to <10-6 for the largest 
instruments. For m/z 45, the contribution from the large m/z 44 ion current of CO2 
would thus range from 0.01 % (i.e. 1 % of the 13C signal) to 0.0001 % (i.e. 0.01 % of 
the m/z 45 signal). For m/z 46, the corresponding contribution from m/z 44 would be 
the square of these contributions. These can safely be discarded; the contribution 
from the m/z 45 signal itself is much larger. In addition, most of the contributions to 
neighboring cups arise from collisions in the ion source, generating an energy deficit 
and thus leading to pronounced low-mass tail. The He+ contribution to the m/z 3 
current in 2H/1H analyses is a prominent example of this. In this context, it seems 
rather unlikely that the very minor Kr2+ peak at m/z 43 (less than 1 % of the major 
beam of the 86Kr isotope) should be responsible for the observed contribution, unless 
there are special effects causing an unusual high mass tail. In particular, I cannot see 
why the effect on the mass 46/44 ratio should be 7 times larger than on the 45/44 
ratio, in spite of the different cup width and sensitivity values. 
I have been looking ffor special Kr2+ effects, which could lead to a broad high-mass 
tail, so far at no avail. The Kr2+ chemistry has been investigated by Adams and Smith 
(IJMSIP 35, 1980) using a SIFT flow tube. A reaction with CO2 leads to Kr+, CO+ and 
O+, none of which would cause a high-mass tail. The 2nd ionization potential is 24.36 
eV, hence one could argue that extra Kr2+ is generated from He+ (1st IP = 24.58 eV). 
Again, I do not see where a special high-mass tail would arise from in this case. 
Likewise, Kr+ could generate extra CO2

+ via Charge Exchange (14.0 eV  13.79 eV). 
This would generate CO2

+ in a different energetic state with a different fragmentation 



pattern, possibly affecting the 44-28 and 44-16 fractionation. I doubt that this would 
be visible under the given circumstances. 
 
There are two effects which I consider more likely to cause the observed 
phenomenon.  
(1) Space charge. When an extra cloud of ions is formed in the ionization region, the 
extraction conditions for all other ions are affected, including the possibility for mass 
dependent fractionation at the alpha slit due to pre-dispersion. After all, there are 
magnet fields present, having a mass-dependent effect on ion motion. 
(2) New beams which are not focused to a detector hit the walls of the mass 
spectrometer somewhere along the flight tube. Kr+ would hit the outer walls inside the 
magnet. Such collisions generate secondary particles (mostly electrons), which can 
find their way to some of the detectors along the focal plane. These reflections 
usually are rather broad features, often small enough to remain undetected by the 
naked eye.  
 
Secondary particles in general have less than full acceleration energy; hence they 
can be discriminated against with static fields like a deceleration lens or an 
electrostatic analyzer. Double focusing mass spectrometers should be largely 
immune against such interferences (another reason to use such instruments for 
stable isotopes). 
 
I think that the strategy to separate CO2 and Kr chromatographically after the CH4-to-
CO2 conversion is the best option to ensure that the effect is not entering the 
analytical results. The attempts to correct for the effect are too variable to expect 
them to be under control in daily routine. 
On the other hand, when strictly adhering to the principle of identical treatment of 
sample and reference, the effect should cancel for normal air samples, where the 
Kr/CH4 ratio is more or less constant. Hence, reference should always be made with 
air containing the right amount of Kr and CH4. For ice bubbles, this is not an option; 
here the Kr should always be separated chromatographically. 
 
These arguments should be considered before final publication (this should also 
affect the title; replace “86Kr2+” with “Kr”). 


