
!"#$%&'()*+,-./0,1(2-.*32&,,
)&,%4254%-,/06(/,6&-,/.1%(&246%,

76(/,869//2&,
:)&,*2556;2(632&,<)0+,=&>6,?@,=&-%(/%&A,

B6(C,?2/D252$#,?%&0(%,
+91EFF<<<@-6(C'*2/D252$#@-CF,



!.05)&%,

•  B./0,G2(D632&,)&,$%&%(65,
•  B./0,6(2.&-,=HI,/06(/E,2"#$%&,4/@,*6(;2&,
•  J.1%(&246%,6/,-./0,1(2-.*%(/E,/)$&)K*6&0,2(,
&20L,

•  M+%,+)$+'N,-./0,D#/0%(#E,+2<,*6&,0+%(%,;%,/2,
D.*+,-./0,/2,%6(5#,2&L,

•  O&0%(/0%556(,-./0,$(2<0+,



H%&%(65,-./0,G6*0/,

•  H(6)&,!"#$%&'(!,P,(%Q.)(%/,/.1%(/60.(632&,
1(%//.(%@,,
– !&5#,)&,/0%556(,%&4)(2&D%&0/,

•  H(6)&,)*(+,-,',;20+,)&,/0%556(,%&4)(2&D%&0,
6&-,)&,0+%,OJ8@,

•  ./0(*,&!,1%$%/%!,2E,?R,!R,8$R,J)R,J,6&-,S%,

! 

S =
Pmon

Psat Td( )



T"6D15%,2G,2")-%,$(6)&,$(2<0+,

!5)4)&%E,

U"8$,V,U:W'"AS%,V,J)!,V,XYU!,!,,8$U"S%U:W'"AJ)!Z:/A,V,XYU,,,

[#(2"%&%E,

,"8$,V,:W'"AS%,V,J)!,V,UYU!,!,8$"S%:W'"AJ)!X:/A,V,UYU,

O0,)/,%4%&,D2(%,*2D15)*60%-,/)&*%E,

S%UJ)!Z:/A,V,U8$:$A,!,8$UJ)!Z:/A,V,US%:$A,

S2(/0%()0%,



!"#$%&,4/@,?6(;2&,

J%-5D6#(,:W\\ZR,7][,ZU^R,W_XA,



CO divides dust nucleation and growth 
into two different chemical paths  

•  C/O > 1 Carbon chemistry 
–  Molecules: C2, CN, CH, C2H2, C3, HCN).  
–  Possible dust types: graphite (C), amorphous carbon (C), 

diamond (C), silicon carbide (SiC),… 

•  C/O < 1 Oxygen chemistry  
–  Molecules: OH, SiO, TiO, H2O, TiO2, VO, ZrO, ScO, YO, 

LaO).  
–  Possible dust types: enstatite (MgSiO3), olivine (MgFeSiO3), 

ferrosilite (FeSiO3), pyroxene (MgFeSiO4), forsterite 
(Mg2SiO4), fayalite (Fe2SiO4),… 
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