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We have developed PyQMMM; [1] a Python-based interfacing software for subtractive 
quantum mechanics/molecular mechanics (QM/MM) calculations with the AMOEBA09 
polarizable force field. PyQMMM enables calculating large molecular systems, such as 
interstellar ices, using the ONIOM(QM:MM) [2-7] method at a low computational cost. We 
have used PyQMMM, employing the ONIOM(QM:AMOEBA09) method, to calculate the 
binding energy of SH and OH radicals on amorphous solid water (ASW). A range of binding 
energies was obtained for SH radical (0.10-0.36 eV) and OH radical (0.21-0.52 eV) on ASW. 
Computed average binding energies, 0.22 eV of SH and 0.36 eV of OH, suggested that the SH 
radical binding on ASW is weak compared to that of OH. We have also rationalized the 
mechanism for the reaction between OH anion and CO2 in ice using the ONIOM(wB97X-
D:AMOEBA09) calculations. The computed reaction mechanism showed a very low energy 
path, giving rise to HO-C(O)-OH and OH anion is recovered during the reaction. Thus, for 
implications in astrochemistry, we propose that OH anions in interstellar ices can react with the 
molecules trapped in ices to synthesize organic molecules. These examples evidence that the 
PyQMMM is a user-friendly strategy to study chemical processes in the interstellar medium.   
 
References 
[1] P. V. G. M. Rathnayake, W. M. C. Sameera, Naoki Watanabe. (In preparation).  
[2] W. M. C. Sameera, B. Senevirathne, S. Andersson, M. Al-lbadi, H. Hidaka, A. Kouchi, G. Nyman, N. 
Watanabe. J. Phy. Chem. A, 2021, 125, 1, 387–393. 
[3] W. M. C. Sameera, F. Maseras, J. Chem. Info. Model. 2018, 58, 1828-1835.   
[4] W. M. C. Sameera, B. Senevirathne, S. Andersson, F. Maseras, G. Nyman, J. Phy. Chem. C, 2017, 121, 
15223-15232.   
[5] L. W. Chung, W. M. C. Sameera, R. Ramozzi, A. J. Page, M. Hatanaka, G. P. Petrova, T. V. Harris, X. 
Li, Z. Ke, F. Liu, H-B. Li, L. Ding and K. Morokuma, Chem. Rev. 2015, 115, 5678-5796. 
[6] W. M. C. Sameera, F. Maseras, WIREs Comput. Mol. Sci., Wiley-VCH, 2012, 2, 375-380.  
[7] W. M. C. Sameera, F. Maseras, Phys. Chem. Chem. Phys., 2011, 13, 10520-10526 
 
 


