
Water and organic molecules in protoplanetary disks 
 

H. Nomura,1 C. Walsh,2 D. Heinzeller3 and T.J. Millar2 
 

1Department of Astronomy, Graduate School of Science, Kyoto University, Japan 
2ARC, School of Maths and Physics, Queen’s University Belfast, UK 

3Meteological Service of New Zealand Limited, New Zealand 
 

 
Protoplanetary disks surrounding young stars provide peculiar environment for astrochemistry. 
The disk surface is exposed to strong UV and X-ray irradiation from the central star, while the 
outer region of the disks is cold and molecules are frozen onto dust grains to form more 
complex species via surface reactions. The gas density is much higher than molecular clouds, 
and dust grains are thought to stick together as well as settle towards the disk midplane to lead 
to planet formation, which also makes specific environment.  
 
We have studied the chemical structure of protoplanetary disks using a comprehensive 
astrochemical reaction network, based on a detailed model for the gas and dust temperature 
and density profiles, which takes into account UV and X-ray irradiation from the central star. 
Here we especially focus on abundance profiles and line emission of water and organic 
molecules in the disks with considering effects of some physical processes, such as dust 
evolution and turbulent mixing. Water and some organic molecules are basically formed via 
endothermic reactions in the hot gas in the inner disk surface, while they are photodesorbed 
from dust grains in the cold outer disk. Our results show that turbulent mixing enhances water 
at the hot surface layer of the inner disks, while it doesn't affect very much in the cold outer 
disk. On the other hand, the dust evolution changes the gas temperature and amount of 
radiation field so that it makes water-abundant-region shrunk in the hot surface layer of the 
inner disks, while it enhances water near the midplane in the cold outer disk. Grain surface 
reaction has a significant effect on formation of complex organic molecules, and some 
photodesorbed organic molecules could be detectable with ALMA. We compare the results of 
our model calculations of water line fluxes with the Spitzer and Herschel observations, which 
suggests that observed water line fluxes can be reproduced only when molecular hydrogen 
formation rate on warm grains is small or dust grains are significantly less abundant. 
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