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Titanium oxide to chemists



TiO to Google



Titanium oxide to astronomers

One of top 10 most important molecules



TiO in stars



TiO, hot Jupiters and temperature inversion

TiO?



Hot Jupiter: Recent Results



Electronic 
structure of TiO



Schwenke 1998 

- 13 coupled electronic states considered



Plez 1998 

- 9 uncoupled electronic states considered



Plez 1998 … improved in VALD (2012

- 9 uncoupled electronic states considered
- Incorporates experimental frequencies where available

- Shifted isotopologue frequencies by error in 48TiO



High Resolution Ground-based Exoplanet Spectroscopy 



Call to action

Resolutions of 100,000 

At 1 um = 1000 A = 10,000 cm-1, this is equivalent to 0.01 A = 0.1 cm-1



Creating a New TiO Linelist
Methods and Tools

http://progress_bar_id
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Ab-initio (Molpro)

It’s hard and accuracy is low
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MARVEL Project
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Duo: Role 1
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Duo: Role 2
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Ongoing Science...
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New Ab initio results

UPDATED   LINE LIST
Available on ExoMol website, 
new version name and 
small note online.

Energy Spectroscopic Model
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Current TiO line list …
TiO_iota (ExoMol)

Thanks to Victor Perez for plotting scripts 















Figure 8



Figure 8



Sending me problem cases for TiO
I’d love to get some to test the new ExoMol line list compared to Plez & 
Schwenke’s lists:

Please

- Use cm-1 (I never know whether a wavelength is in air or vacuum …)
- If you have Plez, Schwenke line lists against your data, please send. 
- Let me know a specific frequency range of concern; my first question (which I 

can help you with) is what TiO band is of issue (e.g. B-X 0-0, C-X 1-2 etc)



4 year AU$40,000/yr PhD scholarship 
available at UNSW Chemistry Sydney 
Australia to work on hot O2 linelist. 

Upcoming
ZrO


