
LPSC XXIV 1461 

ARE THE Cg LIGHT NITROGEN AND NOBLE GASES LOCATED IN THE 
SAME CARRIER? A.B. Verchovsky, S.S. Russell and C.T. Pillinger. The Open University, 
Walton Hall, Milton Keynes MK7 6AA, U.K., A.V. Fisenko and Yu. A. Shukolyukov, 
Ve~nadsky Institute of Geochemistry and Analytical Chemistry, Russian Academy of Sciences, 
Moscow 17975. Russia. 

Light nitrogen and the HL family noble gas components of Cg appear to be separable by 
high resolution pyrolysis experiments. Thus Cg is not an homogeneous material and probably 
consists of debris of many stars. The question of whether the N and Xe(HL) actually reside in 
different carriers continues to be addressed. 

It is well known that Cg which was identified as nanometer sized diamonds (1) contains 
isotopically anomalous elements, in particular noble gases including Xe(HL) (2) and its family and 
light nitrogen (615N down to -350%0) (3). Before the true nature of Cg was recognised it was 
easy to suppose that the Xe(HL) and light nitrogen were located in the same carrier (3). However, 
recognition that light nitrogen in diamond from different samples varies by greater than a factor of 
six (4) compared to Xe(HL) fluctuations of ca. 20% (5) makes such an assumption questionable. 
On the basis of simple arithmetic logic, the Xe and nitrogen cannot be absolutely co-located. The 
average diamond grain consists of only about 1000 - 2000 atoms of carbon; one grain among a few 
x 106 contains an atom of Xe(HL) whilst 5 - 30 atoms of light nitrogen are the typical number 
which need to be in every diamond grain to account for observed concentrations. If some grains 
are devoid of N, the others have to have a higher N concentration. Even if we were able to analyse 
an individual grain of the diamond for noble gases and nitrogen we would be faced with the 
monumental task of locating the one amongst 106 identical grains containing the Xe atom to 
examine its nitrogen content. The problem can be simplified to some extent if instead of Xe, He 
which is 104times more abundant is assumed to be a member of the HL family. Attempts to 
fractionate the separate carriers might be attempted using He and N as guiding indicators but even 
experiments of this nature are for the future. Faced with apparently insoluble problems, we have 
returned to an investigation we last used in our original efforts to find isotopically light nitrogen 
(3), that is to compare release patterns of the different components during stepped pyrolysis and 
combustion. 

The main Cg noble gas component - Xe(HL) and associated He, Ne, Ar and Kr(H) are 
released during combustion in the range 400 - 6000C with a maximum of 6000C (5). Pyrolyses 
are carried out with much larger temperature increments but 136xel132 Xe ratios only reach a value 
indicative of the release of Xe(HL)of about 0.6 in fractions liberated above 1050C; the maximum 
release of gas with this isotopic composition is usually from 12500 to 14500C with some still being 
liberated at over 15000C (6). The release of light nitrogen with 8 1 5 ~  = -3509" is very precisely 
defined by stepped combustions on a number of samples carried out at lOOC temperature intervals; 
the maximum yield is never in excess of 5500C and usually at 490 - 500°C. In contrast to the 
noble gases above, pyrolysis experiments on Efremovka and Cold Bokkeveld using 500C 
increments, reveal that significant evolution of light nitrogen commences at temperatures around 
7500C. reaches a peak in the 1000 - 10500C step, and is completely off by 13500C. Interestingly, 
we note that the carbon which constitutes the diamond only begins to significantly degrade after the 
1100 - 11500C step, once nitrogen has gone and heavy noble gases are just beginning to become 
labile. We conclude that nitrogen and Xe(HL), including its cohorts Ne-A2, Ar and Kr(H) can be 
decoupled by pyrolysis by between 200 - 4000C. 
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It is difficult to explain the (-300°C) difference in the nitsogen and the noble gases released 
during pyrolysis by simple diffusion effects. Nitrogen is presumed to be chemically bonded in the 
diamond structure, therefore intuitively it ought to be released at higher temperatures than inert gas 
with nearly the same mass, for example, Ne implanted into lattice spaces in a minute csystal. I t  is 
possible that migration of N through the lattice is somehow facilitated but exactly why this should 
be easier than diffusion through open space is unclear. Monitoring of C02 during the pyrolysis 
experiments did not show any significant amount of carbon in association with the nitrogen 
release. The kinetics governing the aggregation of singly substituted N defects in diamond is 
reasonably well understood (7), but provides no clues. Complete degassing of nitrogen from type 
IaA and IaB terrestrial diamonds requires heating to in excess of 22000C (8). On the other hand 
there is practically no difference between release of the noble gases heavier than helium during 
pyrolysis (6). 

One explanation of the observation might be that the light nitrogen is located in diamonds 
with a systematically smaller grain size than those hosting Xe(HL) and associated noble gases. 
Practically no difference in the noble gases and the nitrogen release patterns are observed during 
stepped combustion but these experiments have still not been performed with sufficient temperature 
resolution in the case of the former. Combustion may not be capable of decoupling the N and 
noble gases because during burning diamond aggregates of many small grains may behave similar 
to bigger individual diamonds. During mass wasting combustion, big grains actually become 
smaller. Overall the small and the big diamond grains may be oxidised at the same time and in the 
same temperature range. The presence of the diamond aggregates possibly does not seriously 
affect the diffusion rate of the species from individual grains. Another hypothesis we have to 
consider is that the nitrogen carrier exists as a separate entity. If all the light nitrogen was in a 
nitride, for arguments sake Si3N4, then assuming an approximately similar grain size to diamond 
requires less than 1% of the crystals to be the N canier; a 1% interloper within nanometer sized 
diamond would be difficult to spot either microscopically or by elemental analysis. We have 
speculated elsewhere (9) concerning the possibility of CN groups on material such as carbyne 
intergrown with the diamond; these are attractive for a number of reasons not least their abundance 
in molecules observed in the circumstellar envelope of AGB stars. 
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