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Disks around T Tauri stars

The low-mass star formation scenario

Greene (2001)
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Disks around T Tauri stars

Disk structure

Hydrostatic disk model: D’Alessio et al. (1999, 2001)

T?=4 000 K, M?=0.7 M�, L?=0.9 L�,
R?=2.5 R�, Ṁ?=10−8 M� yr−1, α=0.01

Paul M. Woods Chemistry in protoplanetary disks



Introduction
Small molecules
Large molecules
Heavy molecules

Summary

Disks around T Tauri stars

Disk structure

Hydrostatic disk model: D’Alessio et al. (1999, 2001)

T?=4 000 K, M?=0.7 M�, L?=0.9 L�,
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Disks around T Tauri stars

Heating/cooling balance
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Disks around T Tauri stars

A chemical view of disks

Bergin, PPV
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Disks around T Tauri stars

Chemical model

A subset of the UMIST Ratefile
(www.udfa.net)

+ grain surface reactions
+ X-ray ionisation reactions

= around 8000 reactions
between 475 species

incorporating 6 elements
Interstellar initial abundances

3 or 4 days to run...
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Inner disk observations

Carr & Najita (2008): HCN, C2H2, CO2, H2O, OH detected with Spitzer.
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Disk observations
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AA Tau molecules

Species Temperature Obs’d abundance Calc’d abundance
CO 900±100 K 1.0 1.0
CO2 350±100 K 0.004-0.26 0.06
C2H2 650±150 K 0.016 0.03
HCN 650±100 K 0.13 0.23
H2O 575±50 K 1.3 6.2
OH 525±50 K 0.18 6×10−5

Carr & Najita (2008)
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Gibb et al. (2007)
GV Tau
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Benzene in the universe
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Benzene in the universe
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Benzene

Benzene in the disks of evolved stars

HCO+ + C2H2 −→ C2H+
3 + CO

C2H+
3 + C2H2 −→ C4H+

3 + H2

C4H+
3 + C2H2 −→ c− C6H+

5 + hv
c− C6H+

5 + H2 −→ c− C6H+
7 + hv

c− C6H+
7 + e− −→ c− C6H6 + hv

Woods et al. (2002)
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Benzene

Benzene in the disks of evolved stars

HCO+ + C2H2 −→ C2H+
3 + CO

C2H+
3 + CH4 −→ C3H+

5 + H2

C3H+
5 + e− −→ C3H4 + H

C3H+
4 + C3H4 −→ c− C6H+

7 + H

c− C6H+
7 + grain −→ g− C6H6 + H

Woods & Willacy (2007)
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T Tauri stars
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Benzene in protoplanetary disks
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Allamandola
et al. (1989)
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Benzene

PAHs in protoplanetary disks?

PAHs have been observed in T Tauri disks:
e.g., Geers et al. (2006)

PAHs may form in the gas phase in AGB stars:
e.g., Frenklach & Feigelson (1989), Cherchneff et al. (1992)

Regions of high density with long residency times occur in the
inner regions of disks. Do the right ingredients (benzene,
acetylene) mix at the right temperatures (700–1 100 K)?

Paul M. Woods Chemistry in protoplanetary disks
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Benzene

Mini-summary

Our model matches observations of small molecules very
well!
Benzene and similarly complex molecules could also be
present in PPDs
[CII] lines could give us a quick measure of 12C/13C ratios
in PPDs
12C/13C ratios in PPDs do not tally with those in the Solar
System

Paul M. Woods Chemistry in protoplanetary disks
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What can isotopes of C tell us?

Trace the origin and evolution of molecules
Formation environment
Types of chemical processing

Trace vertical temperature structure of disks (Pietu et al.
2007, Dartois et al. 2003)
Allow us to trace molecules which may be optically thick
(12CO vs. 13CO)
Label various regions of the disk

Paul M. Woods Chemistry in protoplanetary disks
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Isotope exchange reactions

Paul M. Woods Chemistry in protoplanetary disks

Rate measured by Smith & Adams (1980)
Rate calculated by Langer et al. (1984), Lohr (1998)

H12CO+ +13 CO 
 H13CO+ +12 CO+∆E(9 K)

Rate measured by Watson et al. (1976), Smith & Adams (1980)
Rate calculated by Langer et al. (1984), Lohr (1998)

13C+ +12 CO 
13 CO +12 C++∆E(35 K)
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Isotope exchange reactions

Paul M. Woods Chemistry in protoplanetary disks

kfor = 2.6 × 10−10(T/300 K)−0.277

krev = kfor exp(−9 K/T )

Woods & Willacy (2008, in review)

H12CO+ +13 CO 
 H13CO+ +12 CO+∆E(9 K)

kfor = 3.3 × 10−10(T/300 K)−0.448

krev = kfor exp(−35 K/T )

Woods & Willacy (2008, in review)

13C+ +12 CO 
13 CO +12 C++∆E(35 K)
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Isotope exchange reactions

HO13C+ +12 CO 
 13CO + HO12C++∆E(2.5 K)
13C+ +12 CN 
 13CN +12 C++∆E(34 K)
13C+ +12 CS 
 13CS +12 C++∆E

13C+ +12 CH3 
 13CH3 +12 C++∆E

=⇒ Rates unknown?

Paul M. Woods Chemistry in protoplanetary disks
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Selective photodissociation

van Dishoeck & Black (1988)
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Galactic 12C/13C ratio

Milam et al. (2005)
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Results - CO
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13C+ +12 CO 
13 CO +12 C++∆E
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Results - CO
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Gibb et al. (2007), GV Tau: T(12CO) ≈ 240 K 12CO/13CO = 54±15
Brittain et al. (2005), HL Tau: T(12CO) ≈ 100 K 12CO/13CO = 76±9
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Results - HCN ice
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Solar System comparison
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Summary

Our model matches observations of small molecules very
well!
Benzene and similarly complex molecules could also be
present in PPDs
[CII] lines could give us a quick measure of 12C/13C ratios
in PPDs
12C/13C ratios in PPDs do not tally with those in the Solar
System

Future work
PAHs forming in situ in disks?
Oxygen isotopes in the protosolar nebula

Paul M. Woods Chemistry in protoplanetary disks
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