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An analysis of rare earth (RE) energy 1evel positions in wide bandgap sul-
phides is presented. It is shown that the Jörgensen's refined spin-pairing en-
ergy theory (RESPET) predicts correctly the photo-ionization (PI) energy
of Sm in ZnS.

PACS numbers: 71.55.Gs, 78.55.Et

The cucial point in selecting appropriate host materials and dopants for
electroluminescent devices is the knowledge of the ionization energies of impurity
ions from which an efficient emission may be obtained. RE ions represent a rela-
tively simple system of dopants in wide bandgap materials. Due to the screening
of the 4fq shell by the external 5s and 5p shells, all electronic and magnetic prop-
erties are either identical or close to those of free ions, and depend rather weakly
on lattice ionicity, lattice parameters, and stucture. It was carefully tested that
the energies of intra-ion and ionization transitions of a given RE ion are similar
or nearly identical in crystals with the same ligand and independent of lattice
"details" [1, 2].

Recently, we have shown that for Eu, Tm, and Yb the RE 2 +/3+ energy level
is located in the forbidden gap of ZnS [3]. The energies of appropriate PI (charge
transfer) transitions calculated basing on the concepts of Jorgensen's RESPET
model [1, 4] coincide very well with the experimental values [5-7]. In this model,
after correction for multiplet splitting (ΔΕΜC) of the initial and final states, the
ionization energy depends linearly on " q'', i.e. on the number of electrons on the
4f shell of the RE ion. ΔΕΜC can be easily calculated since the appropriate Racah
and Lande parameters were given by Carnall et al. [8]. The linear term (E — A)
in q approximates three important contributions to RE ionization energy:

— the regular Z- and q-dependent increase due to the contraction of the RE
ionic radius,
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— the regular Z- and q-dependent increase in the effective charge felt by 4f
electrons,

— the regular q-dependent variation in 4 f-shell intra-electronic repulsion.

The W term in eq.(1) for the 3+  2+ ionization enthalpy (ΔHH_HI) describes
the ionization energy of the RE ion, the negative electrostatic potential energy at
the ligand, polarization energy of the RE-ligand system and the lattice relaxation
energy.

The basic assumption of the RESPET approach is that ΔΕΜC, W, and (Ε-
Α) are similar for all RE systems with the same ligand or for systems with different
ligands but of similar electronegativities (e.g. sulphur and iodine). Once we know
the ionization energies of some RE ions for a given  ligand the ionization energies
of other RE ions can be calculated from eq.(1) by first calculating ΔΕ 1 C for each
RE and then by taking W and (E - A) as parameters determined from the fit to
the experimental results.

From the photoEPR experiments we know the positions of Eu 2 +/3+ and
Yb2+/3+ energy levels in ZnS [5, 7]. In our previous work [3] we have shown that the
maximum around 26000 cm-1 in the excitation spectum of the Tm3+ 1G4 3H6
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emission in ZnS, observed by Zimmermann and Boyn [6], should be attributed to
Τm3+ + hv ÞTm2 + + hvb PI transition. To approximate the ΔHII-III - ΔΕ C
value for the Sm ion in ZnS lattice we performed the fit with RESPET, firstly, to
the data for Eu, Tm, and Yb ions in ZnS and, secondly, to the set of all available
data for RE ions in ZnS, SrS, and CaGa2S4 lattices (Fig. 1). We have obtained
the following values of ΔHII-III:: 22054 ± 17847 cm -1 and 22025 ± 1466 cm -1 for
Sm ion in the first and second case, respectively. The given errors of the values
correspond to appropriate variances in the least square analysis. The estimated
energy of Sm ionization transition in sulphides agrees quite well with the posi-
tion of the excitation band of Sm 3+ 4 G512 = 6 D912 emission in the ZnS lattice
(Fig. 2) [9]. Thus, we conclude that similarly as for Tm in ZnS [6], the efficient
photoluminescence excitation mechanism is due to RE ionization and subsequent
recombination via the excited state.
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