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Chemical equilibria in stellar atmospheres have been investigated by many authors. Lattimer, 
Schramrn and Grossman [I] presented calculations in both 0 rich and C rich environments and predicted 
possible presolar condensates. A recent paper by Cherchneff and Barker [2] considered a C rich 
composition with PAHs included in the calculations. However, the condensation sequences of C bearing 
species have not been investigated in detail. In a carbon rich gas surrounding an AGB star, it is often 
assumed that graphite (or diamond) condenses out before T ic  and Sic. However, Lattimer et al. [I] 
found some conditions under which T i c  condenses before graphite. We have performed molecular 
equilibrium calculations to establish the stability fields of C(s), TiC(s), and SiC(s) and other high 
temperature phases under conditions of different pressures and C/O. The preserved presolar interstellar 
dust grains so far discovered in meteorites are graphite, diamond, Sic,  T ic  [3,4,5,6] and possibly A1203 
[7]. A striking study of the internal morphology of a few of these grains by Bernatowicz et al. [5] showed 
that in some cases T i c  crystals are found inside of graphite spherules. There is a suggestion that this 
information could be used to infer the conditions of their formation. Following Sharp [8], a solar mixture 
was used with the 20 most abundant elements, except carbon which was allowed to vary. Following 
Sharp and Huebner [9] calculations were performed between 2000 and 1250 K for C/O ratios between 
1.02 to 2.00 and for pressures between 0.05 and 500 dyne/cm2. Equilibria were calculated both with and 
without condensed species included. The most abundant species were generally in good agreement with 
those of Cherchneff and Barker [2]. As virtually all oxygen is bound in CO, it is convenient to define 
the fraction of carbon that is not in CO but is taken up by species y, $)-,-- = ~ ~ y l t ~ / ( n ( ~ )  - no) where 
ny and XI,-- are respectively the number densities of y and of CO and yc) the total abundance of carbon 
in all species and phases and vcy is the stoichiometric coefficient of carbon in y. Figure 1 is a plot of 
the log of these fractions (> 1 %) against 1 0 / T  at C/O = 1.122 and P = 0.05, 50 and 500 dyne/cm2 
(where qc) = 1.6 x 1 0 ~ c m - ~  at 2000 K and 0.05 dyne/cm2), with condensation included (solid curves) 
and neglected (dashed curves), and with the condensation temperatures of graphite, S ic  and T i c  indicated 
by vertical dotted lines. The curves showing the fractions in condensates are labelled C and x. Of 
particular interest is that, except just below its condensation temperature, the curve for graphite follows 
closely that of C2H2 when condensation was neglected. We believe that in most regions graphite 
condensation is governed by the reaction C2H2 '! 2 C(S) + H2 (i.e. C2H2 is converted to graphite or 
diamond) with an equilibrium constant K(T) = In PH2/PC2H . Insofar as PH2/PC2H2 is approximately 
constant, then the condensation of graphite is independent o t  temperature. The temperature shifts in the 
graphite condensation curves with increase in C/O mostly result from an increase in the partial pressure 
of C2H2 by the factor [(C/O) - 11 due to increases in the amount of free carbon since (OIH) has been held 
constant. For the cases of TiC(s) and SiC(s) we believe that their condensation is governed by the 
reaction C2H2 + 2Ti(Si) * 2TiC (SiC)(s) + H2. Insofar as PC /pH is constant and as PTi/PH2 
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is constant up till condensation, there is a strong dependence of conhensation temperature on total 
pressure. The stability fields are shown in Figure 2. For simplicity we have shown the T ic  and Sic  
condensation curves for C/O = 1.29 as they shift only slightly over the total range of C/O investigated. 
It can be seen that T i c  always condenses before Sic. For a given C/O value, high pressures favor T i c  
condensation over graphite. For P < 500 dyne/cm2 graphite is the first phase to condense at C/O = 

1.51. At lower C/O values the stability region of T ic  expands to give T ic  condensing before graphite. 
We note that the ratio of condensed C to Sic  is - 5 at C/O = 1.122 at - 1400 K. This is increased 
with substantially higher C/O ratios. Substantial Si is in the gas phase as SiO and SiS. We also 
investigated the nitrogen fractions. As expected, most remaining nitrogen after N2 (by far the most 
abundant species) is HCN and CN at 2000 K. However of particular interest at high pressures and low 
temperatures, the condensate AlN plays an important role and below about 1400 K for all pressures 
considered, a significant fraction of the remaining nitrogen is in PN in spite of the low abundance of 
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