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In ord('r to predict the buildinR.up oí the manv.ciectron atomic

ground states, we propose a modelllamiltonian with on(' adJustaole

parameter. related to the assymmetric point rotor in Foek'"projec(ed

mom('nrum "pace. \l'ith the exception oí (hc 5d level, che corrcet
ordcrinR is achi en-d.

The independenr-partic le moJel has bcen frui(fully used in rhe tn'"Hmen(
of rhe ground stares of complex aroms!. Such an approximarion, howevcr. has
(he disad,.anragc rhar i( implies (be familiar n2-fold degenera(t' hydrogen-like
specrrum, while (he empiricaI ordering is

Consultanc oí che Insrituto \fexicano del Petróleo.
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ls <2. < 2p <3.< 3p< 4.~ 3d"- qp < 5.~4d< 5p<6.~ 4/~5d<6p <,.

(I)
and exhibits a dependence on n and J. This has SU88csted (he Aufbau scheme 2

which reproduces (he ordering (1) by proposing to counr (he lC'vc15 by increasing
values oC n + / and l.

The lack oC rigour in such a scheme has beco ohen criricizC'd 3,"

lIoVl-'cver, me construcdon ot ao ~1I~ctjtJr Hamiltonian whose indcpendent-parti-
ele states can e~hibi( (he leve] ordering (1) is quite important3•

This has beco attempted by starting from me real many-body Hamiltooian,
modified through sorne physical considerations as in die wdl-known Uauree-
Fock approximation5 oc by starting from ao intrinsically broken symmetryt:i.

In (his notc we shall peoeced to build, in a fcxmal way, a modd Hamihcnian
(which is Dor eXp<"cted to be related lO [har of many ..dectron syst~ms) which
through the use ol a single adjustable parameter can reproduce (1) quite welJ.
Such a construction IS suggested by analogy with the one.elecuon Coulomb
system.

lndeed, w~ us~ the F ocle mapping 7 to implem~"t the isomorphism betw~~n
[he Coulomb system and the spherical four-dimensional point rotor [o translate
the Hydrogen atom SchrOdinger equation

EB
= - - <p./m(r),.'

n = 1,2, ...

1=0,1,,, .• -1

1m I ~I
(2a)

where EB is the Bohr energy, into the equation

11'~vl •• (e) = v(v + 2) ~vl •• (8) (2b)

which characterizes the four-dimensional spherical harmonics ijyl", (8) on the
four.sphere space (8) as eigenfunctions of the SO (4) second.order Casimir
operator

•~ 11'..
i>j=J '1

(2e)

relatiog the principal quantum numbers as 11 = n -1, [he meaning of I and m



being the same. The spherical rotor Hamihonian is expressible as AZ / lI, .mere-'
1 is me moment of inerda.

The assymmeuic rotor, however, has a Hamihooian

,
~ /\;1

HR = .••
;>;-121 ..

'/

na)

where , .. is the moment of inerda in the ¡.¡ planeo lo particular, an assymmeuic
rotor wi:h an SO(3) symmetry around the 4.axis can be described througb the
Hamihoniao

.!.- (/\' + aL. ')
21

(3b)

(where LZ is the SO(3) second--order Casimir operator) with the same cigen.
functions as (2b), with cigenvalues proportionafto ,11 (v + 2) + a.1(l + 1). This
simple scheme, mapped back to the Coulomb system provides a model Hamiltonian
whose energy leve)'"

í3c)

are raised for higher angular momenta I and which, for dIe values 1.65 < a. < 1.75
yields a spectrum whose levels are ordered as (1) except for the 5(/ lf"vel which
comes out slightly lower thao bom 65 and 4{. It is welllmown5 that the level
ordering (1) is only approximately true as (he nJ levels sometimes shift Jo wn
producing (he rare-eanh behaviour. Such levcl shifting however, is associated
wim spin properties and consequently mis simple scheme cannot be expected
to give a detailed description of it.
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RESU.\IEN

"l' propone un hamiltoniano modelo para predecir el ordenamiento de los
est;i:lo~ ba~e de átomos con muchos electrones. El hamilwniano modelo. que
dependc' de un parámcuo ajustable, esrá relacionado al rotor puntual en el espa-
cio mom('nml proYl'crado de Fock. Con excepción del niH..'1 Sd, se obtiene elor-
dell correclO.


