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The following data are serving to the treatment outlined in the main text, expressing the spectral terms from f* and fd
configurations in terms of the Slater-Condon integrals. The strategy is a shortcut based only on the evaluation of the
diagonal matrix elements of a poly-electronic Hamiltonian. In a basis of Slater determinants, (2, the diagonal elements
[Slater J (1929) “The theory of complex spectra”. Phys. Rev. 1929, 34:1293-1322, Slater J “Analytic atomic wave
functions.” Phys. Rev. 1932, 42:33-43] are expressed as Eq.(S1).

(Qplﬁ”zp) = ZaEP haa + ZaEP Zb<a[(ab|ab) - (ablba)] ' (Sl)

where, a and b are spin-orbitals entering in the composition of the given Slater determinant. The h denotes the
one-electron Hamiltonian component (electron-nuclear term plus kinetic energy of one electron, labeled 1):

heq = [ a*(Dh a(1)av,. (S2)
The (abjab) and (ablba) denote the Coulomb and exchange two-electron integrals:

(ablab) = [,, [, @' (Wb* (D)= a(Db(2)dV4dV; (S3)
(ablba) = f, f,, a’Wb* ()= b(Da(2)dV,dV, . (S4)

For the analysis given in the main text, it is convenient to work with complex atomic orbitals, labeled by the I,
projections of the secondary quantum number I, with L,e{-l, ...0, ..., I}. The Tables S1 and S2 are giving the
two-electron integrals needed to apply the (S1) equation in the case of general configurations with f and d orbitals.
The 1, projections are ascribed as subscripts to the shell label. Note the general equivalence (abjab)= (balba) and
(ablba)= (bajab)= (aalbb) = (bbjaa).
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Table S1
Two electron integrals made with f-type orbitals, as function of F,/" Slater-Condon parameters.
Formulas Integrals
F/T +16F/" + 36F/" + 400F/" (fofo | fofo)

(fify | fif2), (Fif.o | fif), (Fafy | £af2), (Fafr | £af0)
(fof2 | fof2), (Fof.2 | Fof), (Fofz | £.06), (Fafz | Fof.0)
(fof 3 | faf.a), (Fafs | fafa), (Fafis | fafa), (Fafa | ff)
fofulfofs), (fof-a | fof.1), (Fufo | fafo), (Fafo | f.4fo)

(fofz | fofa), (Fof.z | fof.2), (Fafo | Fofo), (Fofo | F-ofo)
(fifs | f22), (fif2 | fuf), (Fafo | f4fo), (Fafz | Faf),
(fafy | fof2), (Faf.0 | £2F0), (Fofy | fofe), (Fafr | Fof.0)
(fifs | fufa), (fifs | fufs), (Fafs | fufs), (Fafis | Fafs),
(fafy | faf2), (Faf.o | f3.0), (Fafy | fafe), (Fafr | Ff0)
(fofa | fofa), (Fofia | fof.a), (Fafo | fafo), (Fsfo | f-sfo)
(fofs | fofa), (Fof.a | Fofa), (Fofs | £.ofa), (Fafa | fof.a),
(fsf | faf2), (faf.2 | f3F2), (Fafz | o), (Fafz | Faf.2)
(fifia | faf.a), (Fafy | fafa), (Fifa | faf1), (Fafs | faf.),
(fafy | fufa), (Faf.a | Faf.0), (fofa | fifa), (Fafa | fiafo)
(fifo | £.0F2), (Fafz | fofia), (Fofa | Fafo), (Fofy | Fif.2)
(fifia | £.2F2), (Fafy | fof2), (Fof | Faf), (Fofz | Fif.)
(fifa | f2f1), (Fafz | Fof.0), (6f1 | fif2), (Fofs | £4f.2)
(fif.1 | f2f2), (Fafy | 22), (Faf2 | fufa), (Fof | f4f)
(fofo | fof 2), (Fofo | F2f2), (Fof | ofo), (Fof 2 | F-ofo),
(fofo | fofa), (Fofo | fof2), (fof. | fofo), (Fofa | fofo)
(fofo | fof 2), (Fofo | F2f2), (Fof | ofo), (Fof 2 | F-ofo),
(fofo | fofa), (Fofo | fof2), (fof. | fofo), (Fofa | fofo)
(fofo | fof2), (fofo | F2f2), (Fof | ofo), (Fof 2 | F-ofo),
(fofo | fofa), (Fofo | fof2), (fof. | fofo), (Fofz | fofo)
(fifia | £.af0), (Fafy | fifia)

(fofs | fafa), (Faf s | Faf2), (fafa | fofa), (Fafa | Fof a)
(fof.2 | fafa), (Fof | fiafa), (Fafis | Fo0), (Fiafs | o)
(fof | fafo), (Fof.a | Fafo), (Fafo | fofs), (Fafo | fof 1)
(fofo | fif.1), (Fofo | f.4fy), (Fifia | fofo), (Fufa | fofo)

F/" +9E/" + F/7 + 225F)
F/" + 49F/ + 36F/7
F/' +25E" +9F/" + F//
F/7 +12F/7 + 6F]” —300F/”
F/' —42F]" + 120F)
F/ — 78/ — 90F)

F/Y —15E/" + 3F/" + 15F/

F/’ —20F/" +18F/” — 20F/
F/ — 21F) — 6F/

10F/” + 54F/" + 28F/7

14F)" + 378F)
~14F]" —378F/7
15F/7 + 32F/” + 105F
~15F/" —32F/7 —105F//
20F]" + 3F)7 + 224F)

20F]" + 3F)7 + 224F)
20F]" + 3F)7 + 224F)

24F" + 40F]” + 420F)
25F) +30F] + 7F/7
~25E/" —30F/" — 7F//
2F/ +15F)7 + 350F/"
—2F/7 —15F)" - 350F/"

42F] + 210F

462F7

—462F
63F/” + 84/’
—63F) — 84F//
70F/ + 504F/”

924F"

(fafa | Fafa), (Fafy | fafa), (Fufa | fiafu), (Fafs | faf0),
(fafa | afa), (Fsfy | fufa), (fafa | fufa), (Fafa | fafa)
(fof 3 | Fafs), (Fofs | faf ), (Faf.2 | Fiofa), (Faf | o 5)

(fof 2 | £.afa), (Fofz | fafia), (fafis | Fof2), (Fafa | Fof.0)
(fofs | fafo), (fof.s | Fafo), (fafo | fofa), (Fsfo | fofis)
(fofo | faf.a), (Fofo | f.5fa), (Fafa | fofo), (Fafs | fofo)
(faf2 | £F2), (Fof2 | fof.2)

(fafs | £.4fa), (Fafs | faf.s)
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Table S2
Two electron integrals between f- and d orbitals, as function of F,'® and G, Slater-Condon parameters.

Formulas

Integrals

F/* +10F/* + 3F/*
F/* + 28F/*
F/* +3F/% —4F]*

F/* + 4F/% — 24F]¢
F/* +6F/* + 6F/?
F/* +8F/* + 36F/*
F/* —10F/* + 18F/*
F/* — 42F]*
F/* —5E/* — 12F/*

F/* —6F/" + F[*
F/*—7F/?

F/* —8F/* + 6F/?
12F/* + 40F/*
70F]*

106/% + 156 + 246/°
-106/* — 156/ — 2467¢

106 +706{°
~106/* —7061*
126G/¢

156/% + 106 + 6/*
-156/* - 106/ — ¢I*
156/ + 1056/*

206/* + 356/

21061
—2106/*
256 + 1126/
25G6/* + 286/
2561 + 76/

~256/* —1126/*
—25G/* - 286/
3G/* +26]* +80G/?

(dof 5 | dofa), (dofis | dofis), (dafs | doofa), (dafs | dafo),
(fadz | fa0.2), (fa0.z | fadp), (Fad | F.502), (fady | fady)
(dafo | dafp), (dif2 | dif2), (dafa | dusfy), (dif, | dafo),
(fod.g | Fo00), (fo0ly | fo0.a), (Fody | Fody), (Fody | F2dls)
(dafy | dafia), (dif | dafia), (dafy | disfy), (dify | dafo),
(fady | fady), (Fidly | fid.y), (Fady | £.ad), (Fidy | Fudhy)
(d.afo | d.afo), (dufo | difo), (fodl.s | fod-o), (Fodls | fod)

(dof1 | dof-1), (dofy | dofa), (Fado | f-1dlo), (Frdo | f1do)
(dofo | dofo), (fodo | fodo)

(dof 3 | dof.s), (dofs | dofa), (F-ado | f-0o), (fado | fado)
(dof-2 | dof.2), (dofz | dofz), (F-2do | f-20o), (F2do | f20o)

(df 3| dafa), (difia | difa), (duafa | duafa), (i | dafa),
(Fadg | Fale), (f0ly | fa0.y), (Fadly | Fadls), (Fodly | fodly)
(dof.1 | dofia), (dfia | dofia), (dofy | diofy), (dofy | dafa),
(fadz | f4d2), (il | fidop), (Fady | £.402), (F1d, | f1dy)
(dof2 | dofz), (dfiz | dof2), (dofz | diofy), (daf, | dafo),
(202 | f20.2), (f0.z | f20.0), (Fod | F.202), (Fod; | f20s)
(doofo | doofo), (dafo | dafo), (fod-2 | fod-), (fod: | fody)

(dufs | dsfy), (dafy | dafr), (Fidg | £1d), (fadly | Fadly)
(dof 2 | daf), (doofz | df.), (fodp | £.202), (Fod2 | F20.2)
(dafo | f20.1), (dify | fody), (Fody | diafo), (Fody | disfy)
(101 | £oF2), (dady | F.oF), (fof2 | dadla), (Fofz | dady)
(daf1 | £102), (dofy | Fadoo), (fidz | diofy), (fadz | dofy)
(dodp | £1f1), (dodz | Fufr), (Fif.s | dod), (Fufy | dodly)
(do0., | f55), (do0 | FoF2), (daf2 | f202), (dof | fdl),
(f20-2 | dafo), (Foda | dof2), (Fofz | dadly), (fof2 | dodlo)
(dof 3| f30.), (0afs | fa0), (Fadz | doofs), (fadz | daofs)
(do0.5 | f5f.a), (dood | f.5fs), (fafs | dadlo), (Fafs | dody)
(dyd.y | f4f1), (dady | Fafeg), (dafis | fiad), (dafy | fudly),
(fid.s | dusfy), (fady | dafa), (Fif.s | duady), (fufy | dydly)
(dod.2 | fofo), (d-od | fofo), (dofo | fod2), (dsfo | fod),

(fod-2 | d.ofo), (fodz | dafo), (fofo | dad2), (fofo | d.od)

(dof 3| f302), (dofs | f0l5), (Fa0.2 | dofs), (202 | dafs)
(dod-p | fafa), (dod | fofa), (faf.s | dod), (fiofs | ddly)
(dif2 | f201), (dafz | f200), (Fods | dusfo), (fodl | daf)
(dof3 | fado), (dofs | fado), (Fado | dof.s), (Fado | dofs)

(d1d.y | ff3), (dady | Fafy), (dafs | Fady), (dufs | fodly),
(fad.1 | dsfis), (Fody | dif), (Fofia | dady), (fofs | dadly)
(dydy | £2F5), (dady | fofp), (Fof.o | duad), (fof | dadly)
(dodo | faf.), (dodo | f.5fs), (faf.s | dodo), (f.ofs | dodo)

(d.sfo | fod.o), (dsfo | fods), (fod.s | dsfo), (Fods | disfo)
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—3Glfd — ZG3fd — 8065fd (did | fofo), (d.1d; | fofo), (fofo | d;d.), (fofo | d.1dy)
SGlf 4 20G3f a4 SGSf a (dod-, | fof2), (dod., | fof.2), (d.od, | faf2), (d2d; | ff2),
(dof2 | F20.2), (daf2 | F202), (dofz | F20), (daf | F22),
(f2d2 | daf), (fodz | dof2), (o2 | dofa), (fodz | dfo),
(fof 2 | dado), (fof.2 | dodly), (Fofz | dady), (of | dody)

63Gsf d (dodo | f2f.2), (dodo | fof2), (dof | f2do), (dof> | fodo),

(f2do | dof2), (f2do | dofz), (Fof.2 | dodo), (F.of | dodlo)

6Glfd + 9G3fd + 90G5fd (dof1 | f.1do), (dofs | f1do), (f.1do | dof.1), (f1do | dofy)

—6Glfd - 9G3fd - 9065fd (dodo | f1f.1), (dodo | f4f1), (Faf.y | dodo), (F.1f: | dodlo)
84Gsfd (did | faf3), (d.1d; | f5fs), (difs | f3dy), (d.afs | f3d.y),
(fadg | dasfa), (Fa0s | difz), (Fafa | dady), (Fafs | dadey)
BGlfd + 2G3fd + SOng (dady | faf4), (did4 | fif1), (d.1dy | fafi), (did; | fify),

(dsfiy | f.ada), (dafa | fidus), (dusfy | fadhy), (dify | fudhy),
(fad.q | dafs), (fudy | daf), (Fady | dafa), (Fidy | dafy),
(faf | dad), (Fifs | diday), (Fafy | dady), (fify | didy)

96/ +1661% + 1006/ (dodo | fofo), (dofo | fodo), (fodo | dofo), (Fofo | dodo)
G/* +246]* + 1561 (dof.y | f.00.2), (dofy | f1d2), (Fad2 | doofs), (Fudz | dofy)
—Glfd - 24G3fd - 1565fd (dod- | fif.1), (dd, | fafy), (fufs | dd.), (fafy | d.ody)
80000_
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Figure S1. The spectral terms of the f* configuration of Pr(l111) ion, relative to the *H ground
state, computed with different basis sets. The labels on the abscissa correspond to the basis set
given in the corresponding entry (order number) from in Table 4 in the main text. The levels
marked on vertical axis correspond to the experimental data. The triplet states are drawn in
blue, the singlets being in red lines.
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Figure S2. The spectral terms of the fd configuration of Pr(111) ion, relative to the *G lowest excited level. The
singlets are drawn in black, while the triplets in magenta. The relative experimental values are marked on the
vertical axis, the abscissa running on the order number of basis sets outlined in Table 4 from main text.



