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Introduction: The 50% condensation temperatures of the elements in solar-composition like, H and He dominated 

systems are useful to decipher volatility related dust and gas fractionations due to evaporation and/or condensation. 

At a given overall composition and given total pressure (Ptot), each element M has a characteristic thermochemical 

equilibrium temperature, T50(M) at which it is distributed evenly between condensates and its gases [1].  

Major elements (e.g., Mg, Si, Fe, Ca, Al, Ti) form minerals (e.g., Ca-Al-oxides, forsterite, enstatite, iron metal), 

and minor or trace elements begin to condense into solid (or liquid) solution with major minerals as soon as these 

hosts form. However, host apparance temperatures are not meaningful proxies for the volatility of trace elements thus 

50% condensation temperatures, T50(M) were introduced to better characterize the relative volatility of the elements. 

Solar or CI-chondrite normalized abundances observed in chondrites, achondrites, and planetary objects (e.g., bulk 

silicate Earth, Mars) often seem to correlate reasonably well with the T50 computed for constant Ptot and solar compo-

sition suggesting that condensation or evaporation processes fractionated the elements from the original solar system 

composition. However, such volatility trends should be evaluated by plotting the inverse of T50 vs. the log of the 

normalized abundances as follows from thermodynamic considerations, and it needs to be explained why normalized 

abundances which can span 1-2 magnitudes in chondrites should correlate with the elements' condensation tempera-

tures for constant (50%) fractionation to begin with.  

Total Pressure: The T50 of many elements increase with total pressures (1/T50(M) ∝ –log Ptot) depending on the 

gases involved in the condensation reaction (Le Chatelier's Principle). One well-known exception is S with Ptot-inde-

pendent condensation of troilite: Fe(alloy) + H2S(g) = FeS(troilite) + H2(g). Other exceptions are decreases in T50 with 

increasing Ptot if hydrides MHn with n > 2 become the major gases (e.g., M = P, As, only at Ptot > 1 bar ). Overall, the 

relative condensation sequences may change for elements with different Ptot dependent gas chemistries in their con-

densation reactions, which is well known for Mg-silicates and FeNi alloy. These changes also depend on metallicity. 

Metallicity: Condensation temperatures from a solar composition gas are occasionally applied to other astronom-

ical settings where H and He are the most abundant elements; e.g., interstellar medium, protoplanetary disks, dwarf 

stars, substellar objects (L, T, Y dwarfs), giant exoplanets and exoplanet host stars). However, many of these objects 

have different metallicities than the sun. Metallicity describes the more or less uniform M/H ratios relative to respec-

tive solar M/H for all elements heavier than H and He (the astronomer's metals). Many unevolved stars show uniform 

depletions or enrichments in elemental abundances between about 1/30 to about 10 times solar due to galactic chemical 

evolution; and metallicities of such objects vary from -1.5 < [M/H] < +1 when expressed as log in the astronomical 

bracket notation (more or less uniform changes in M/H begin to break down below [M/H] < -1.5). Metallicity can be 

used as a proxy for dust-to-gas ratios if the dust includes all rock plus C, N, and O-bearing organics and ices (metal-

licity formally applies to Ne,Ar,Kr, Xe but their abundances have second order effects on total pressure only).  

The T50(M) generally increase with increasing metallicity (1/T50(M) ∝ –[M/H]) unless the metallicity dependence 

cancels out in the condensation reaction. The latter can occur for siderophile elements condensing into an alloy if 

metal sulfides are their major gases (e.g., GeS, SnS) and troilite is unstable. Another effect with increasing [M/H] is 

higher oxide gas stability because the O abundance, and the H2O/H2 ratio increases accordingly. The H and He abun-

dances are constant by definition, and the C/O ratio remains unchanged for uniform abundance changes. Hence T50 

for Mo and W decreases at higher [M/H] relative to other refractory metals. The initial condensates of Ca, Al, and Ti 

change as a function of metallicity, e.g., most notable with lower [M/H] is the increasing appearance of Tistarite Ti2O3 

as the initial Ti-bearing condensate (e.g., at [M/H] = -1 at Ptot < 0.1 bar) instead of perovskite at solar composition. 

The presence of Ti3+ instead of Ti4+ at lower metallicity is a consequence of the lower H2O/H2. At low [M/H] more 

ultrarefractory trace oxides can condense before Ca-Al- or Ca-Ti-oxides are stable, e.g., at [M/H]= -2 (at 10-6 bar) the 

condensation sequence is Sc2O3, Y2O3, Al2O3, Lu2O3, Er2O3, Ti2O3, ThO2, Ho2O3, perovskite, hibonite whereas at 

[M/H]=0 (solar) it is ZrO2, HfO2, Al2O3, Sc2O3, Y2O3, hibonite, perovskite without REE oxides and Ti2O3. Thus, 

fractional condensation in low-metallicity or "dust & ice-depleted" environments could be attractive for models ex-

plaining the removal of the ultrarefractory component missing in CAIs with group II patterns. 
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