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Sun.  The preliminary data of Sasaki (1985) suggest that the rate of P gas removal is efficient, 
especially at high temperatures (800-1200 K), potentially even to lower temperatures (500-700 
K).  Furthermore, recent model data from Pasek (2017, in review) also demonstrates that metal 
phosphidation is very efficient at removing volatile P from the solar nebula, with loss of nearly 
100% of the P over large swaths of the solar nebula, depending on reaction kinetics. 

Assuming the nebular model is correct (Pasek 2017, in review) and the Sasaki (1985) 
kinetics are sufficient for Solar System modeling, all P gas could have been removed quickly 
(<10000 years), creating a P depleted region in the early Solar System nebula from 3-14 AU.  As 

a result of this chemical 
depletion, P gas from 
outside this region will 
diffuse to the depleted 
zone, resulting in 
decreased P throughout the 
nebula.  The speed of this 
radial diffusion will 
determine how much P is 
left within the Solar 
System as the Solar 
System cooled.  Such a 
process has been 
hypothesized to occur as 
part of the snow line 
(Ciesla and Cuzzi 2006), 
depleting oxygen, and 
likely affected sulfur 
(Pasek et al. 2005) in a 

similar way.  

A consequence of this P gas depletion is that there might have been extremely little P gas 
present within the early Solar System to get trapped into cometary material or migrate to form 
ices.  Mousis et al. (2010) and Pasek et al. (2011) proposed PH3 clathrates may have formed in 
water ice and been a source material for P in the outer Solar System, including comets.  Indeed, a 
recent detection of elemental phosphorus in 
67P/Churyumov-Gerasimenko was attributed to 
phosphine (Altwegg et al. 2016).  However, this 
detection thus far is based solely on identification of 
elemental P, and the molecular form is yet unclear 
with PH/PH2/PH3 not detected.  It is possible that 
depletion of phosphorus by solid-gas reactions could 
have prevented P ices from forming, suggesting little 
volatile P in comets.   

Table 1.  Phosphorus gases detected 
in the extrasolar environment. 

Gas Reference 
PN Ziurys 1987 
CP Guelin et al. 1990 
HCP Guelin et al. 1990 
PO Tenenbaum et al. 2007 
PH3 Agundez et al. 2008 
CCP Halfen et al. 2008 
 

Figure 2.  Gaseous P species at equilibrium at 10-6 bar, 
assuming no P solids form.  PH3 makes up a maximum of 5% 
of the total P gas only at 500 K. 
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6.  Current and Pending  

Current  

PI: Matthew Pasek 
Title: Schreibersite as the prebiotic phosphorus source 
Agency: NSF Center for Chemical Innovation, Center for Chemical Evolution 
Purpose: Analyze prebiotic phosphorus reactions. 
Training: Post-doc + Undergrad 
Total Amount Funded: $1,000,000 
Support: 1 Summer month 
Dates: 10/01/2015-09/30/2020   
 
Pending 
PI: Matthew Pasek 
Title: The Interplay of Nitrogen and Phosphorus Minerals in Planetary Habitability 
Agency: NASA Habitable Worlds  
Purpose: Analyze nitrogen mineral chemistry. 
Training: Grad (2)  
Total Amount Requested: $400,000 
Support: 1 Summer month 
Dates: 10/01/2017-09/30/2020   
  


















