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Supporting information

Calculation methods for luminescent quantum efficiency

For europium based materials, the emission quantum efficiency (1) of the emitting
°Dy level can be determined on the basis of emission spectra together with the
lifetimes and can be calculated using the following equation®:
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Here, A; and A, represent the radiative and non-radiative transition rates,
respectively. Among which, the A, can be obtained by adding up the radiative rates for
each °Do—'F; (3 =0, 1, 2, 3, 4) transition.
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Here, Ao; is the experimental coefficients of spontaneous emission. The branching
ratio for °Do—'F; (J = 5, 6) have been neglected since they are not detected in
experiments, and can be ignored in the depopulation of °Dy excited state. Meanwhile,
because of the independence to chemical environments, the magnetic dipole transition
°Dy—'F1 can be used as an internal reference to the whole spectra. Thus, the Ag; can
be obtained using the following equation:
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Here, los and lg; the integrated intensities of the >Dy—'F1 and *Do—'F; (J=0—4)
transitions, while the vo; and vo;  the corresponding energy barycenters. According to
the reports of references, Aoz in this equation can be calculated by the expression Ay
= 0.31x10™n3(vy)?, and it’s value can be determine to be 50 s™ approximately?.
Furthermore, the luminescent lifetime, radiative and non-radiative transition rates can
be related through the following equation®:
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