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By defining a single average energy denominator, AEAV, it is
shown that a formula for crystal-field induced electric-dipole 4f«<hf
intensities can be obtained which contains contributions of all possi-
ble excited configurations of interest and depends on radial integrals
involving only 4f wavefunctions. Interference effects between the
the Pseudo-Multipolar Field (the mechanism originally proposed by Jdér-
gensen and Judd to account for the high sensitivity of certain L4peshyf
transitions to changes in the chemical environment) and electric dipo-
| e mechanisms are also considered. The theory is then applyed to the

3+ and LaF3:Nd3+. It is concluded that a reliable va-

systems Y,0,:Nd
lue for the average energy denominator, AE’AV,is given by the first op-
posite parity excited configuration (lof‘N-ISd) and that '"core excita-
tions' as well as interference effects give very important contribu-

tions.

Através de un denominador energético médio, AE é demons-

AV’
trado que uma expressdo para intensidades espectrais 4f<«>hif (induzidas
por dipolo elétrico na presenga de um campo cristal ino ndo centro - si-

métrico) pode ser obtida na qual todas as configuragdes excitadas re-
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levantes sdo levadas em consideracdo e além disso depende de integrais
radiais envolvendo unicamente funcdes 4f. Efeitos de interferéncia en-
tre o Campo Pseudo Multipolar (mecanismo originalmente proposto por
Jdrgensen e Judd para explicar a enorme sensibilidade de certas tran-
sicdes 4f<>4f a mudangas no ambiente quimico) e o mecanismo dipolar-
elétrico sao considerados. Os resultados teoricos sdo aplicados aos
3+ e LaFasz3+.

ra o denominador energético médio, AEAV’ € dado pela primeira configu-

sistemas Y,0,:Nd Conclui-se que um valor confiavel pa-
< . . N- . ~

racdo excitada de paridade oposta (4f 5d) e que excitacdes de

caroco ("core excitations™) assim como efeitos de interferéncia saoex-

tremamente importantes.

1. INTRODUCTION

Lanthanide 4f<>4f intensities is an attractive subject for
testing configuration interaction models based on perturbation expan-
sions in which the lanthanide ions are considered to be little pertur-

bed by a chemical environment.

Since 1962, the spectroscopists dispose of a theoretical
background for treating the intensities of the sharp lines originated
from transitions within the hf‘N configurations. It is known as the Judd

1,2

-0felt theory This theory is based on the following:

In the absence of a center of inversion, the odd part of the
crystal field hamiltonian produces, in the lanthanide ion, a mixing
of configurations of opposite parities and as a consequence Laporte's
rule is relaxed. Perturbation expansions are then used to give nonva-
nishing electric-dipole matrix elements which are proportional to ef-
fective operators depending on the excited configurations of the lan-
thanide ion as well as the symmetry and the nature of the chemical en-
vironment in which the ion is embedded. For each particular excited
configuration of interest, there exists a particular effective opera-
tor which is found by neglecting the term splittings in comparison with
the energy difference between the excited and the ground configura-
tions and by using Racah algebra together with a summation over a com-

plete set of intermediate states®**’%.
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;;:;:3\\\\ § 0.00 0.25 0.50 0.75 0.90

(1,2) -0.50 -0.39 -0.18 -0.02 -0.08
(3,2) 0.40 0.34 0.29° 0.23 0.20
(3,8 9.29 0.17 0.06 -0.06 -0.12
(g,h) -0.26 -0.24 -0.22 -0.20 -0.19
(5,6) -0.29 -0.15 -0.02 0.12 0.19
(7,6) 0.24 0.24 0.24 0.2k 0.24

Table 1 - Values of the angular quantities @(t,A) for various ¢’s.

Unfortunately, only very few works have reportted on‘''ab-ini-

1289  Instead,

tio™ intensity calculations using the Judd-Ofelt theory
workers have given attention to a phenomenological treatment of this
theory in irhich experimental intensities are used to determine a few
parameters, in general, with a small mean square deviation. However,
it is known that other mechanisms, like the vibronic and the one dueto
Tigand polarization effects'®, provide contributions to the 4f<>4f in-
tensities which have the same angular dependence as the effective ope-
rators given by the Judd-Ofelt theory. Thus, they are completely ab-
sorbed in irhe phenomenological treatment and there is no way todistin-

guish between the various mechanisms.

The difficulty in dealing with "ab-initio" A4f<hf intensity

calculatioris, lies on the following points:

i) The crystal-field hamiltonian is based on the point char-
ge electrostatic model which is known to give a weak description of the

effects of the chemical environment on the l!f']v states.
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ii) Only some the perturbing excited configurations can ac-
tually be taken into account, due to the lack of knowledge of both ra-
dial excited wavefunctions and energy differences between configurar-

tions.

In the present work, we attempt to remedy the second of the
above points by introducing a single average energy denominator and &
factor, §, which represents the ratio between ratio integrals asso-
ciated with core excitations and radial integrals involving only 4f
wavefunctions. 1t is then possible to sum over all perturbing configu-

rations.

2. THE AVERAGE ENERGY DENOMINATOR

The calculation of second-order energy correction may be per-
formed either by knowledge of the first order correction to the wave

function

(2)

e =yl (1)

or by a sum-over-states procedure

<$ [w1u{><p ) [y >
(0) _ ()
n

2(2) _
n#0

(2)

Eo -

(o)

N is the referense rtate.

where V is the perturbation and |¢

)

As the solution lll)gl > is required in (1) one has offen adop-
ted procedure (2). However, the sum in (2) requires an infinite number
of terms including integration over the continuum. Nevertheless we can
clearly define an average energy such that

(2) _ 1 (0) (0}, () (0)

A i T A U e Mg 14 M (3)

EAv ms0

)

0
Then by the completeness of the {N}r(z >} set we have
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st - rE'Ev fo{ vz - <l w)u{*>2] @)
In most cases <\D,(,o) Ivlw§°)> = 0 from parity considerations.

In the same of hydrogen, AEAV can be evaluated exactly. When

V is the electric-dipole operator and the ground state is taken as the

reference state we have immediately that <IJ)0(0 ) IVHJgo) > =0 and
0 2
<1P(§ )lefd)o(o)> =1 (in atomic units) so that, since ¥ = -9/,  the
. (°) _ »(0) (o) . -
average excited state EAV , AE’AV = E‘o EAV , lies at the n=3 level,

Hence, for the calculation of ground-state second-order pro-

peorties such as the polarizability, exact results are obtained with

o)y -

W —— a.u..
Av 18
the perturbing operator and the reference state.

The average excited state will obviously depend on

Bebb and Gold!! have used the above procedure for treating mul-
tiphoton ionization processes in hydrogen and rare-gas atoms. They found
that using the first excited state as the average state EA(\OI)’ quite sa-
tisfactory results may be obtained.

We wish now to use this procedure in the case of lanthanide

Lhpehf intensities.

3. CRYSTAL-FIELDINDUCED ELECTRIC-DIPOLEMATRIX
ELEMENTS

The oscillator strength of a transition from a state ]A> to a
state |B>, of an atomic system, due to a spherical component q of the

dipole monient vector is given by

2mw 1) ,.
P = X 22 [l 12, V@) lap (5)
AB .1 q
I3 Z
where w is the angular frequency of the transition, X is the Lorentz lo-
cal-field correction, m the electronic mass and % Planck's constant.
The quantities C(K) are Racah!? tensor operators of rank X and the sum
over ¢ runs over all electrons in the atomic system which is to be con-

sidered in the presence of a crystal-field.
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In order to get nonvanishing matrix elements in eq. (5), we may
consider the states |A> and ]B> , up to first order in perturbation theo~

ry, as given by

<gt| e s>

> = Jaf> + 2 [ (6)
9" [E($)-E(9)]
and
<¢ll 7. 4 ¢l>
|B> = jth¢'> + 3 ]¢“> M— (7)
¢! [E(4')-E(¢")]
where
t t (t),.
Ver t,g,l T, Ty C’p () (8)

is the odd part of the crystal-field hamiltonian. W point out that in
equation (8), nothing implies that the coefficients Y; are to be given
by the usual point charge electrostatic model!®. Since VCF is a one-body
operator, the only excited configurations of interest are those of the
type 57 1ae, with R= £21, and (n'2) M iih 00 = £1, these

latter being associated with the so called "core excitations''.

Up to second order, we are then interested in the evaluation

of the quantity

o I iainl e n(? s o
AV t,p,0" q P

+ <ur(pf? !¢“><¢“IDC§” Ty (9)

where we have already replaced energy denominators by the average AV
according to the previous section, and the quantities D(K stand for
s K A Q
r.C .
ot
-1 I
Since all but the 4% 'n, g=fx1, and (nia) ¥ @ giopy
conf igurations give vanishing matrix elements, we may sum over the com-
plete set {|¢''>} and use closure to bring the operators D Y and  D(#)

1,14 F

q
together. We may then use standard tensor operator technigues to
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1
couple Dé ) and Dét) in order to find an effective operator acting bet-
ween [4f7p> and I‘lflv¢'>. In what follows we merely present the results

of this procedure which is well described in a text by Judd*.
The quantity in (9) is found to contain the following contri-

butions:

1) g electrons

y (1P @) <=t Jupep] 100 | Igo<g 16 | >
P>

t 1 xl Jf 1 g () ,
[p q pJ{t f A}<“fN¢|U-p 45> (10)

and

I (-DP @)l Japser| [0 1< [ 1P |15
Ap

L], ; 2] <J]o Ji §}<"J‘N¢IU$)HJ‘N¢’> (1)

2) d electrons

I (0P @) ( Zu <bf| o |nd><ndlptups)<s| |0 |a<d] ¢ | 1>
AD n>

L PE O
{A. ]{t f A} <"flv¢lU_p l“f'v‘bé (12)

and

) (-1)p(2.>\+l)(2 <hf|rtlnd><nd;r]hf>)<fiIc(t)l|d><d|IC(I)”P
Ap n>h

Tt A t d
] {j } afolu) 14> (13)
£

q p ol 1}




3) Core excitations

) (-1 (22+1) ( ) <1+f§y=t|n'd><n‘d[r[hf>)<f|[C(t){ld>
Ap n'=3 b

1ot oA Ff ot d
<dHC(l)Hf> [ ] . )\} <l¢f'N¢lU£g)MfN¢|> (14)

qg p o5 (!

and

SRCILCHIIE Aflplntds<nidlet b <r] ¢ | a<al 16 g >
p =

n'=3,

t f A 1 4
L ; 1 [f g <l¢fN¢iU$)ith¢’> (15)

qg P t £ A

where the quantities <|rK|> are radial integrals and l[o‘) is aunit ten-

sor operator of rank A.

V% note that core excitations contribute with an opposite sign.
This fact has already been pointed out by Griffith'® in a theoretical

investigation on the intensity theory of open-shell ions and has been,

16

more recently, discussed by Becker from the experimental point of view.

Here, we introduce the factor 6 defined by

T <bif|r|ntds<nd|rt|bp>
[
§ = =30 (16)

aple*! up>

and since for a fixed value of £ the radial wavefunctions RnSL form a
complete set, we must have 0<8<1. It could be argued that the factor 6
should depend on the values of . However, we have calculated the ratio
(16) for some values of t by assuming hydrogenic wavefunctions and § has
show to be essentially the same in all cases. Therefore, we assume this

to be true in the present treatment.
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The sum over n in (12) and (13) may be expressed as

L <hf|r|nd<nd|e b= af| 2™ b T fr|wdnd|rt|he
7> n'=3

a7

Now, owing to the symmetry properties of the 3~ symbols

1 t (

[ A} _ eyl [t 1o

q9 P 9 p q 0
only even values of A give a total nonvanishing contribution which is
therefore

t A
2 7 (-I)p(2>\+l)<lof[rt+]|l4f>{ ]o(t,x)
x,p P q P
<o o) uge 1> (18)
where
1 1o(D) (%) FVal 4 -2
o) [<FlIC lle<gl I 1> Ny £ s
st (e @@ £ L 4 (19)

A . .
If the states |if ¢> and |l§fN¢'> are given by the intermediate
coupling scheme”, we get the following matrix element

1
<afrect @) = 2 I enP@ed <aflr g
it v A0t P

toroa
()\) 1 )
{p q o} 0(z,2) <“fJVWMJlU_p ufpra > (20)

It may be useful to note that if we wish to perform intensity calcula-
tions between Stark levels, with the inclusion of J-mixing effects (J is

no longer a good quantum number), we have merely to replace the states
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[lffﬂ¢> and |‘0fN¢'> by the appropriate linear combination given py the
diagonal ization of the even part of the crystal-field hamiltonian. On the
other hand, if J-mixing effects are neglected and we assume anequivalent
thermal population of the initial Stark levels, substituting (20) into
(51) a summation over MJ and MJ, weighted by Z'I%T gives a féctor
T 6“, GDO" W may therefore carry out the sum over p and q weighted

by 1/3, which is appropriate for isotropic medium!, toobtain a factor
1

Sel 6tt' épp" The final result is

A) =
Ppg = %9 § Qx<"flv\"efl oM g g2 e (21)
where
b (2A+1) Nk t+1 2 a2
@ =222 ] By <l up? e%(5,0) (22)
A, P

Equations (21) and (22) have exactly the same form as in the Judd
-0felt theory . However, they differ in that the above equations depend
on a single average energy denominator and contain the contributions of

all possible excited configurations.

4. THE PSEUDO-MULTIPOLAR FIELD AND INTERFERENCE
EFFECTS

The potential energy of the 4f electrons due to an arrangement

of dipole moments local ized on the !igands may be given by'®

A
4 r, .
W= T UM 00 20e1) M2 3 [x 1 A+I}
qq'q" R, g q" -q"
ug

(1) A+1#* (A .
Py (u)Yq, @) ¢ () (23)

1 . . . .
where Pq(,,) {u) is a spherical component of a dipole moment localized at
>
the -th ligand whose position is Ru with respect to a coordinate system
centered at the nucleus of the lanthanide ion. These dipole moments are

proportional to the net electric field at each 1igand
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B = o B (24)
where o is an average polarizability. If, however, the vector E is the
etectric field of the external electromagnetic radiation, the dipole mo-
ments ﬁ(u) will oscillate producing a resultant field which may induce
transitions within a ‘-}f‘N configuration. This mechanism has been invoked
to explain the phenomenon of 'hypersensitivity', that is, the very high
sensitivity of certain 4f<*f transitions to changes in the chemical en-

1,19-22

vironment It is considered to be an effect of ligand polariza-

tion and is called the Pseudo-Multipolar Field.

This mechanism should then be added to the electric dipole me-

chanism of the previous section.

The 4f electrons are, therefore, subjected to a total time-de-

pendent interaction of the form

w(t) = W &V 4w TV (25)

Transition probabilities are proportional to the squared matrix elements

of W or W, and interference effects between the two mechanism may occur.

The appropriate matrix element for the electric-dipole mecha~

nism is given by equation (2) while for the Pseudo-Multipolar Field it is

given by21722
Mg
<Alwy ) 18> = ] (-1)“‘>[jtnT(x+x)(zm)]”2 o B
. Appu H R
M1 oA
<bl > <s1eM [padm Ju ) jafyru > 28)
p q P

The sum over the ligands in eq. (26) may be related to point charge lat-

tice sums, , through the equation

573



) /2 gt
) - w2 © [(22;3)J i (27)
U R €g

u

where -ge is the net charge on each ligand, and we have assumed

We get then a contribution to the total oscillator strength,

due to interference which is

P T ;m Lol gy [0 ||yt g2 2w (28)
A

. 20(1-c,) y 1/2
th. ) a(l-o, ‘(AH)(ZM])J <l‘f|r>\+2|4f>

A gezAE’AV - {(2:+3)
<1§f}r)\llif><f] ICO‘) e e, ) (YH‘B}‘H*
p p P
A+l* A+

and we have included the factor oAto account for shielding effects pro-
duced by the external electrons of the lanthanide ion against external

multipolar fields?!.

The Pseudo-Multipolar Field itself gives a contribution to the
total oscillator strength which has the same form as equations (21) and

(28) but with a coefficient Q}\ given by

P.M. 2 Iy A

QM- (1g)2 ) <l apier] 0P (s 1 (30)
ge p

Again, it may be useful to note that formulae to be wused in intensity

calculations between Stark levels can be easily obtained as described in

the previous section.
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5. COMPARISON WITH EXPERIMENT

In order to test the results of sections 3 and 4 we decided to
concentrate on the systems Y203:Nd3+ and LaF3:Nd3+. Our intention is ra-

ther to see and discuss the general features of the theory.

The structure of Y,03; has been stablished by X-ray and neutron

2852% and has been, recently, the subject of a

25

diffraction techniques
refinment at low temperature In this host the lanthanide ions may en-
ter in two sites of point symmetries €, and Sg (the ratio of occupied C,
sites over Sg being 3:1). Nevertheless, only the formers are of interest,
for our purposes, since the Sg point symmetry possesses a center of in-
version and does not allow the existence of odd parity terms in thecrys-
tal-field hamiltonian.

The structure of LaF,; has been determined by Cheetham et aZ2®.
The lanthanide ion occupies a site with point symmetry C, with the bina-
ry axis perpendicular to the ternary axis of the lattice. According to
classical arystal-field theory, these are typical examples of covalent

(v,03) and ionic (LaF3) chemical environments.

The experimental parameters Q}‘ for these two systems have been
deterrnined by Krupkes. To proceed with our purposes, i.e., the applica-
tion of equations (22), (29) and (30), we need to have a .quantitative
knowledge of the crystal-field coefficients Y {with odd X's), the radial
integrals - liflrt+]|l+f> and the ligand polarlzabll ities. Unfortunately, we
do not dispose, at present, of more realistic values forthecoefficients
YK than those given by the point charge electrostatic model. Therefore,
we have to satisfy ourselves with the latters which are given by Krupke®

and Leavitt and Morrison’.

The appropriate free-ion radial integrals have been recently
evaluated by Freeman and Desclaux?’ from a Dirac-Fock calculation (The
value of <"4flf’8[l+.f> used by us was obtained from an extrapolation). Ho-
wever, other sets of radial integrals have been used in intensity calcu-

. 1,7
lations ™’

and substantial differences arise according to the set used.
It seems plausible that the ligand orbitals penetrating the % shell pro-

duce an expansion of the 4f radial wavefunctions. On the other hand, the
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9LS

Y205:Nd>F
Q,(x 10%°) cm? Q, (x 1029) - cm? Qg (x 102%) cm?
8 0.00 0.25 0.50 0.75 0.90 0.00 0.25 0.50 0.75 0.90 0.00 0.25 0.50 0.75 0.90
E.D. 74.83 46.83 14.63 4.54 3.29 12.59 4.56 0.71 0.62 0.25 0.42 0.12 ~0.00 0.07 0.17

INT. 13.12 11.21 9.21 7.47 6,61 6.78 0.74 0.68 0.6z 0.56 0,07 0.07 0.07 0.07 0.07

P.M. 3.46 0.63 0.21

TOTAL 92,50 61.50 27.30 15.47 13.36 14.00 5.93 2.02 1.87 1.44 0.70 0.40 0.28 0.35 0,45

EXP. 8.55 5.25 2.89

Table 2 - Electric dipole (E.D.), interference (INT.) and Pseudo-Multipolar Field (P.M. contributions, for

various &'s, to the Qx coefficients for the Y203:Nd3+ system. The radial integrals used are those of

27

Freeman and Desclaux“’. The lowest row shows the experimental values.



LLS

3+

Y ,0, :Nd
Q,(x 10%2°%) cm? Q,(x 10%%) cm? Qq(x 102°) cm?
8 000 025 050 075 090  0.00 0.25 0.50 0.75 0.90 0.00 0.25 0.50 0.75 0.90

E.D. 120.27 75.57 24.61 8.23 5.57 23.84% 9.11 1.94 1.69 0.94 3.23 1.47 0.79 1.18 1.88
INT. 22.32 18.94 15.56 12.62 11.17 2,55 2,42 2,22 2.03 1.83 1.56 1.56 1.56 1.56 1.56

P.M. 5.40 : 1.15 1.23

TOTAL 147.99 99.91 45,57 26.25 22.14 27.57 12.68 5.31 4.87 3,92 6.02 L4.26 3.58 3.97 L.67

BEXP. 8.55 5.25 2.89

Table 3 - Electric dipole (E.D.), interference (INT.) and Pseudo-Mul tipolar Field (P.M.) contributions, for

various 8's, to fhe Q}\ coefficients for the Y203:Nd3+ system. The radial integrals used are those given by
Judd®.



8LS

LaF :Nd>*
3
0, (x 102%) cm? Q,{x 10%2%) cm g (x 102°) cm?

$ 6.00 0.25 0.50 0.75 0.90 0.00 0.25 0.50 0.75 0.%30 0.00 0.25 0.50 0.75 0.90
E.D. 1.99 1.28 0.51 0.22 0.12 0.81 0.39 0.18 0.13 0.11 0.35 0.10 ~0.00 0.06 0.16
INT. 0.66 0.56 0.4 0.37 0.33 .65 0.62 0.57 0.52 0,47 0.02 0.02 0.02 0.02 0.02
P.M. 0.17 0.53 0.06
TOTAL 2.82 2.01 1.14 0.76 0.62 1.99 1.54 1.27 1.18 1,21 0.61 0.18 0.08 0.14 0.24
EXP. 0.35 2.57 2,50

Table 4 Elsctr'c digole (E.D.], ioterferen » (INT.) and Pseudo-Multipolar Field (P.M.) contributions, for

various 8's, to the O

Freeman and Desclaux

A

27

coeffic'mnt= for the LAF;:Nd

3+

system. The radial

integrals

used are

those

of



6LS

3+

LaFs :Nd
Q, (x 102°) cn? Q,(x 1029 cm? Qq(x 102%) cm®
8 0.00 0.25 0.50 0.75 0.90 0.00 0.25 0.50 0.75 0.90 0.00 0.25 0.50 0.75 0.90
E.D. 3.28 2.12 0.89 0.40 0.21  2.24 1.40 0.87 0.68 0.61 2.31 0.85 0.28 0.61 1.20
INT. 111 095 078 0.6l 056 231 203 186 170 1.54 0.45 045 0.45 0.45 0.45
P.M. 0.27 0. 96 0.35

TOTAL  4.66 3.34 1.94 1.28 1.04 551 4,39 3.69 3.34 3.29 3.11 165 1.08 1.41 2.00

EXP. 0.35 2.57 2.50

Table 5: Electric dipole (E.D.), interference (INT.) and Pseudo-Multipolar Field (P.M.) contributions,

foi various 6's, to the QA coefficients for the LaF3:Nd3+ system, The radial Integrals are thore given by

Judd?.



shielding due to the 5s5p external electrons of the lanthanide ion cer-
tainly attenuates this effect and we could expect not a too great depar-
ture of radial integral values from the free-ion values. What we feel to
be more tikely is a combined effect producing changes in both <l!ff2"Kflof>
and ngith respect to the free-ion and point charge models. W may an-

ticipate that, in this connection, a study is now being carried out.

The polarizabil ity of the F~ ion does not seem to vary consi~

derably in different <:rysta]sz‘3 and in our calculations we have assumed
- 3 -

the value o(F ) = 187, In contrast, the 0 ion shows quite variable po-

22 the quoted value of

larizabil ity values. In a previous calculation
0‘(0“) = 3%3 in Y,03 seems to have been overestimated; a discussion by
Jérgens¢n29 excludes this value. He estimates ’ that a(0” ) in Y, 03
should not be far from 1.48°. Within our purposes, we decided to use

afo” ")y = 28 .

Our basic question now is how to obtain a reliable value for
AEAV’ It seems that the only way of estimating AEAV without having to
perform the complete sum over intermediate states, is essentialy to pro-

ceed by trial and errors like in the work of Bebb and Gold't.

If we think only in terms of 5g-4f and 5d-4f radial matrix ele-
ments, since the former is expected to be considerably greater than the
latter (due to the fact that the 5d radial wavefunctions has two nodes
while 57 has none) one would be tempted to say that AEAV should lie clo~
ser to AESQ than to AESd' However, this depends on the 4d-4f matrix ele-
ment which is also much greater than the 5d-4f one and since core exci-
tations contribute, to the total dipole matrix element, with an opposite

sign 4E,  could decrease towards the AESd value.

AV

To check this argument we have used equations (22), (29) and
(30) to find the value of AEAV that would best reproduce the values of
the best experimentally determined intensity parameters which are Q,
and Qs. In this procedure we have used the factor § = 0.9, as given by
the hydrogenic ratio, and the set of radial integrals given by Judd®,
These radial integrals were calculated from a more expanded 4f wavefunc~-
tion than the one used by Freeman and Deselaux?’. They should, therefore,

compensate the fact that the point charge electrostatic model of the
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crystal-field predicts Yg coefficients of high ranks which are in gene-

ral underestimated!®.

We finally found AE’AV = AES (=58000 em™ for the L1°5d confi-
guration). If we had used the set of radial integrals of Freeman and Des-

claux®’ we would have found AE'AV << AE5 which is physically unlike.

Our results are shown in tables 2, 3, 4 and 5, the appropriate
shielding factors used being 0, = 0.792, o, = 0.139 and g5 = 0.109. In
table 1 we give the values of ©(¢,A) for various values of 6. V¢ found
it worth to see how the Q)\ parameters vary as we neglect core excita-

tions.

Our basic assumptions is that the factor 6 can be approximate-
ly determined by the hidrogenic ratio. It seems reasonable that g and to-
tal d electrons contribute with opposite signs in order to compensate
the fact that both contributions may be overestimated with AEAV given by

the first opposite parity excited configuration.

6. CONCLIJSION

From the practical point of view, the advantage of using equa-
tion (22) in the prediction of 4f«<>4f intensities lies in its concise-
ness. While It contains contributions of all excited configurations of
interest, it depends on a single average energy denominator and on ra-

dial integrals involving only 4f wavefunctions.
The present theory lead us to conclude that:

i) Core excitations, hitherto neglected, give importantcontri-

butions to 4f<h4f intensities.

ii) The average energy denominator, AEAV, reproduces, satisfac-
toryly, the experimental intensities if it is given by the first opposi-

te parity excited configuration.

iii) Interference effects are of. great importance. Except for

the work of Richardson et aZ“, to our knowledge, this is the first time
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that interference effects are treated theoretically and included in cal-

culations of 4f<*4f intensities.

Vibronic as well as magnetic dipole contributions remain to be
considered in a full computational treatment. We hope then that the pre-
sent alternative approach may be useful in the elucidation of the mecha-

nism underlying the main featurss of lanthanide hf*—*tif intensities.

The authors express their gratitude to CNPq and FINEP for fi-

nancia] support.
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