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    The nuclear spin isomers of a H2O molecule in single H2O@C60 molecule, in which a single water molecule is 

encapsulated within a C60 fullerene cage, is attractive for its potential applications to quantum memory. In our 

previous study, we performed tunneling spectroscopy measurements on H2O@C60 single molecule transistors 

(SMTs) and observed both para (p)- and ortho (o)-states in tunneling conductance spectra, which suggests that the 

nuclear spin state of H atoms in the H2O molecule fluctuates quickly between the p-and o-states [1]. However, 

systematic investigation on how this o-p fluctuation takes place is still missing. 

    We propose a "selection rule" for the o-p conversion process in H₂O@C₆₀ SMTs. Figures 1(a), 1(c), and 1(e) 

show energy diagrams, illustrating possible nuclear spin flip processes. The angular momentum of the system 

consists of rotational excitation of the H2O molecule (J), spin of a conduction electron (S), and the nuclear spin (I). 

During the tunneling process, total angular momentum F = I+J+S needs to be conserved. Figures 1(a), 1(c), and 

1(e) respectively illustrate the interactions between 𝐼 and 𝑆, between 𝐼 and 𝐽, and of all 𝐼, 𝐽, and 𝑆. Diagonal transition 

paths generate different excited states that appear in the Coulomb stability diagrams, shown in Figures 1(b), (d), 

and (f). Details will be discussed in the presentation. 

References [1] S. Du et al., Nano Lett. 21, 24 (2021). 

Fig.1 Possible conversion processes between o-H₂O and p-H₂O, involving (a) spin of a conduction electron, (c) rotational 

excitation of H2O molecule, and (e) both electron spin and molecule rotation. The corresponding Coulomb stability 

diagrams are shown in (b), (d), and (f). 
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