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Abstract 

The intensity of the vibronic transitions in the 
emission spectrum of the Gd3+ ion is discussed using 
new data as well as data from the literature. As model 
compounds the following compositions are used: (i) 
the ordered perovskites BazLnTa06:Gd (Ln = La, Y, 
Lu) where Gd3+ occupies a site with octahedral sym- 
metry; (ii) the hydroxide Y(OH)3:Gd where purely- 
cooperative vibronic transitions occur. The vibronic 
intensities vary by an order of magnitude over the 
series of compositions under discussion. The relevant 
theories are summarised. It is shown that they are 
able to account qualitatively for all trends and 
phenomena observed. 

1. Introduction 

In a recent paper we have shown that the emission 
of the Gd3+ ion can be successfully studied by using 
X-ray excitation [I]. In this way it was possible to 
observe that the dominating 6P7,2 + ‘S electronic 
emission line is accompanied by vibronic lines, the 
intensity of which amounts characteristically to 
l-10% of that of the electronic line. In this paper we 
are reporting on the following: 

3+ emission of the ordered perovskites 
Ba,(?nEh6Ggd where Gd3+ occupies a site with 
inversion symmetry (Ln = La, Y, Lu). 

(ii) The Gd3+ emission of Y(OH)3:Gd which is the 
best example of the simultaneous occurrence of 
vibronic and cooperative vibronic lines; the spectra 
have been published recently [2]. 

(iii) The intensity variation of the Gd3+ vibronic 
lines in a large number of Gd3+-doped host lattices 
using data published before by ourselves and by 
others. 

The organisation of this paper is as follows. In 
Section 3 the luminescence of Ba&nTa06:Gd is 
discussed, and in Section 4 that of Y(OH)3:Gd. Some 
related compositions will also be considered. In 
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Section 5 we review briefly the existing theories on 
the intensity of the vibronic lines of rare-earth ions. 
In Section 6, finally, we apply the results of the 
theories to the observations which have been made 
on the Gd3+ vibronic lines. 

2. Experimental 

The Tantalates 
Barium rare-earth tantalates are extremely refrac- 

tory compositions and need to be prepared at very 
high temperatures in order to obtain single phase 
materials. Typically, optical grade TazOs (H. Starck 
Co.), 99.99% pure Lnz03 (Rhone Poulenc) and 
optical grade BaCO, (Johnson Matthey, AESAR) are 
milled together in the appropriate stoichiometry 
under acetone for about 1 h. After drying, these 
blends are fired at 1250 “C in air for 8 to 10 h. The 
reaction product is homogenised via dry milling and 
pressed into 1 inch diameter pellets, which are fired 
on recrystalhsed A1203 supports at 1600 “C for 4 
to 6 h. Materials prepared this way were invariably 
single phase and were used in this form for the 
optical measurements. 

Y(OH)3 

Yttrium hydroxide was prepared hydrothermally; 
for details on the conditions we refer to ref. 2. 

3. The Luminescence of BazLnTaOs:Gd (Ln = La, 

Gd, Y, Lu) 

The emission spectrum of BazI.aTaG6:Gd under 
X-ray excitation is shown in Fig. 1. The 6P + ‘S 
emission around 3 15 nm is dominating (Fig. 2). There 
is a weak 61 + sS emission around 280 nm and a weak 
broad band with a maximum at about 330 nm. The 
total emission intensity is about one order of mag- 
nitude lower than for the efficient Gd3+ luminescence 
observed in other host lattices [l]. In Table 1 the 
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Fig. 1. X-ray excited emission spectrum of BazLaTaOe:Gd 

at 300 K. The electronic transitions 61, 6P + % are indicated 

by the initial levels; v indicates vibronic transitions and b the 

tantalate broad-band emission. The broken line separates the 
tine emission from the band emission. 
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Fig. 2. The 6P + % emission of Fig. 1. The electronic transi- 

tions are indicated by e, the vibronic transitions by v. 

TABLE 1. Assignment of the emission transitions in X-ray 
excited BazLaTaOb:Gd at room temperature 

Position (cm-‘) 
of emission 
features 

Assignment Infrared 
spectrum 
(cm-‘)C 

36070 61 -+ 11/2 8s 
35745 6b,2,17/2 -+ SS 

35 365 617/Z + as 

32230 6P - 5/2 8s 

31695 6P 8s 7/2 + 

31595 6P - 712 8s 

31325 eb - 320 Uq(TaO6)350 

31080 eb - 565 v3(TaO6)600 

30840 eb - 805 q(Ta&j)800 

30000a Tao6 

aMaximum of broad-band emission. bAverage of 6P7,2 * 

aS components. ‘From BazYNbO,j [lo], see text. 

assignment of the total emission spectrum of 
BazI_aTa06:Gd is given. The ratio r [l] between the 
total vibronic intensity and the electronic line inten- 
sity amounts to 0.09, a rather high value. 

The compositions BazGdTa06, BazYTa06:Gd and 
BazLuTa06:Gd were also investigated. 

Pure BazGdTa06 shows only a very weak emis- 
sion, the spectrum of which is different from the 
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Fig. 3. X-ray excited emission spectrum of BazLuTaO,j:Gd 

at 300 K. See Fig. 1 for notation. 

TABLE 2. Intensity of the vibronic transitions in the 

emission spectra of the Gd 3+ ion in BazLnTaO,j (Ln = La, Y, 

Lu) at 300 K. The ratio r gives the integrated vibronic 

intensity relative to the integrated vibronic intensity relative 

to the integrated electronic intensity of the 6P7,2 + as 

transition 

La Y LU 

I- (~4 vibronic) -0.045 -0.05 -0.065 

r (~3 vibronic) 0.035 0.05 0.065 

r (vl vibronic) 0.01 0.01 0.01 

r (total) 0.09 0.11 0.14 

diluted compositions Ba2Y, _,Gd,TaO,. We assume 
that Ba2GdTa06 is concentration quenched and that 
the emission originates from small amounts of a 
second phase. In fact the emission spectrum is very 
similar to that of YTa04:Gd, pointing to GdTa04 as 
the second phase. 

The fact that Ba2GdTa06 is quenched is interest- 
ing. The shortest Gd-Gd distance (5.7 A) is so large, 
that direct Gd-Gd transfer is not expected to have a 
high probability [3]. This implies that the tantalate 
group plays an important role as an intermediary in 
the exchange mechanism as observed also for the 
Eu3+ion [4,5]. 

The luminescence of BazYTa06:Gd and Ba2- 
LuTa06:Gd is similar to that of Ba2LaTa06:Gd. 
However, the intensity of the vibronic lines is differ- 
ent. Figure 3 gives as an example the X-ray excited 
emission spectrum of BazLuTa06:Gd. The higher 
intensity of the vibronic line which is in the centre 
of the vibronic part (coupling to v3) is immediately 
clear (compare Figs. 2 and 3). Table 2 gives a survey 
of these differences. In this Table the r values of the 
individual vibronic lines are tabulated for the three 
host lattices. These values are not very accurate; 
especially the value for the vibronic transition which 
is close to the electronic transition (coupling to vq) 
is not very reliable for obvious reasons. 

As argued elsewhere, we assume that excitation 
of the Gd 3+ ions occurs via the Tao6 octahedra 
[6,7]. Since the Gd concentration is 5 at.%, 
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0.956 = 73% of the tantalate groups have no Gd 
neighbours. It is known that the tantalate and niobate 
groups in these ordered perovskites do not lumines- 
cence efficiently [8]. This means that a large amount 
of the tantalate excitation energy is lost non- 
radiatively. This fact explains why the overall 
emission intensity is rather low and why the intensity 
ratio Gd3+/Ta06 is -8, whereas it should be 0.37 
without non-radiative losses. 

Since the tantalate emission maximum overlaps 
the ‘P levels favourably, the 6P levels will be 
populated more effectively than the ‘j1 levels (see also 
ref. 7). The ‘I+ ?l emission intensity is about 1% of 
that of the 6P + ‘S emission intensity. Although this 
seems to confirm the population argument, it implies 
a peculiar consequence for the ‘I+ ‘P non-radiative 
transitions. 

The rate of this non-radiative transition can be 
estimated using the van Dijk-Schuurmans approxi- 
mation [9]. Using an energy gap of AE = 2500 cm-’ 
and the highest vibrational frequency available in the 
lattice, (-800 cm-‘, symmetric tantalate stretching, 
see below), the non-radiative 6I + 6P rate amounts to 
about 3 X lo5 s?. The radiative 6I -+ ‘S rate will be 
about 300 s-l, since the Gd3+ ion occupies a site with 
inversion symmetry. This implies that upon ‘1 excita- 
tion only 1% of the Gd3+ emission would originate 
from the 6I level. This is in striking contrast with the 
experimental results which give 1% 6I emission 
whereas the 6P level is popu lated preferentially. 
Obviously the tantalate vibrations are not used for 
the non-radiative transition. 

If we use instead of the 800 cm-’ frequency of 
the tantalate group an estimated 250 cm-’ frequency 
for the Gd-(Ta06) vibration, the non-radiative rate 
decreases to 3 X lo3 s-l. 

The spectral overlap of the Tao6 emission band 
with the ‘1 levels is one order of magnitude less than 
with the 6P levels. Our model predicts, therefore, 
90% occupation of the 6P levels and 10% of the 6I 
levels. With the 250 cm-’ frequency, the 6I + 6P non- 
radiative rate is one order of magnitude larger than 
the 6I -+ ‘S radiative rate. This accounts very well for 
the observed 1% ‘1 level emission. 

Now we turn to the 6P + ‘S emission of the Gd3+ 
ion (Figs. l-3 and Table 1). The 6Ps,2 + 8S emission 
is thermally activated. The 6P7,2 -+ ‘S (electronic) 
emission line shows a crystal field splitting for the 

6P7/2 level of about 100 cm-‘. The vibronic lines 
could easily be assigned using infrared and Raman 
data of Ba2YNb06 [lo]. Here we make use of the 
fact that the niobate and tantalate vibrational fre- 
quencies seldom differ much [ 113. 

Although the vibronic intensities will be discussed 
below, we draw attention to the fact that the inten- 
sity decreases in the sequence BazLuTa06:Gd, 
BazYTa06:Gd, BazI_aTa06:Gd with the exception 
of the v1 vibronic. 

4. The Luminescence of Y(OH)3:Gd 

The luminescence of Y(OH)3:Gd was reported 
recently [2]. Here we mention the essential results 
which are of great importance for this study. 

The X-ray excited emission spectrum of Y(OH),: 
Gd is very simple. It consists of the 6Ps,2 and 6P,,2 -+ 
8S emission lines. The latter is accompanied by a rela- 
tively strong vibronic line with a maximum at 540 
cm-’ from the parent electronic line. The ratio r 
amounts to 8%. This vibronic line can only be due to 
coupling with the Gd-0 vibrations. 

Surprisingly enough there is at first sight no 
vibronic feature due to coupling with the OH- group. 
Under high magnification a weak feature could be 
observed at 353 nm. The ratio r is about 0.2%. It is 
situated at 3570 cm-’ from the electronic origin. 
Therefore this feature must be due to coupling with 
the OH- stretching vibration. 

The system Y(OH),:Gd is very suitable for the 
study of Gd3+ vibronic lines. Only two vibronic lines 
are observed. The frequencies of the vibrations 
involved differ an order of magnitude, so that mixing 
can be neglected. Further the OH- vibration is not 
coupled to other hydroxyl groups due to the absence 
of H-bonding. This means that the OH- vibration in 
Y(OH), is located in the OH- group, and that the 
Gd--(OH) vibration in Y(OH),:Gd is a vibration of 
Gd relative to the OH group. 

The vibronic line due to OH- is, therefore, a real 
cooperative vibronic line [ 121, whereas the other one 
is a regular vibronic feature. This will be of impor- 
tance in the considerations below. 

5. Theories on the Intensity of Vibronic Transitions 
in Rare-earth Spectra 

The intensity of vibronic lines in the f-f spectra 
of rare-earth ions is a complicated problem. Through 
recent years the following approaches were made. 

(a) Faulkner and Richardson [13] gave a general 
theory of vibronically induced electric-dipole inten- 
sity in the f-f transition of octahedrally (Oh) coordi- 
nated trivalent rare-earth ions. The model includes 
static as well as dynamic coupling between the metal 
ions and the ligands. The calculations relate to 
elpasolite systems Cs,NaMC16 (M = rare-earth ion(s)). 
The coupling is with the v3, v4 and v6 vibrational 
modes of the MC16 octahedron. There is good agree- 
ment between the experimental results and the 
calculations. 

(b) Judd [14] has put forward a comparable 
approach for the same system (i.e. MC16 octahedron). 
In the static coupling he considers the interaction 
between the 4f electrons on M with a spherical charge 
distribution with net charge -ge (the ligand) and 
with the dipoles which are induced in the ligands by 
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the polarising action of the central M3+ ion. The element imposes a selection rule on the vibronic 
induced dipole moment is 3e&j/rj3, where (Y is the transitions, viz. AJ = 0, +2. The 7’(l) matrix element 
ligand polarisability, and rj the distance from the M predicts the most intense vibronic lines for coupling 
nucleus to the site j of the displaced ligand. with the most infrared-intense vibrational transitions. 

Further he shows that the dynamic-coupling term 
runs more or less parallel with the static coupling 
term. The dynamic term becomes more important if 
the covalency increases. Under certain conditions 
both terms are of comparable magnitude. We will 
present the final result below. 

(c) Stavola et al. [ 121 added a new element to the 
discussion by considering cooperative vibronic transi- 
tions, i.e. transitions in which there occurs simulta- 
neously an electronic transition within the 4f shell of 
M and a vibrational transition within the ligand (for 
which they took OH- and H,O). The emission inten- 
sity depends on the infrared oscillator strength of the 
vibration and Rp6, where R is the M-ligand distance. 

(d) Dexpert-Ghys and Auzel [15] have compared 

The term (g t nc& -3)2 is hard to analyse. It will 
vary less with the nature of the ligands than thought 
of at first sight. A higher value of g implies a lower 
value of cr; an increase of Q will usually mean that R 
increases too. If we consider one and the same ligand, 
for example oxygen, the value of 01 might well be 
different. This will be discussed below. 

6. The Intensity of the Vibronic Transitions in the 
Emission Spectra of Gd3+ in Different Host Lattices 

these approaches and have shown that they overlap. 
The interaction Hamiltonian in approaches (a) and 
(b) is the odd vibrating part of the crystal field, and 
in (c) the Coulombic interaction between the M ion 
and the vibrating molecular species. It is shown that 
the static part of (a) and (b) is equivalent to (c). 
Further these authors state that all approaches 
neglect the classical one-phonon vibronic replicas 
(Franck-Condon case). We have shown experi- 
mentally that this point has been well taken [ 161. 

At the moment we have available a large amount 
of data on vibronic intensities of Gd3+ in many 
different host lattices. The theoretical approaches are 
so complicated that they are not very suitable to 
analyse our data compilation. Therefore we have 
taken the general outcome as a basis for the further 
discussion. In the notation of refs. 14 and 15 it runs 
as follows 

To start with we have presented in Table 3 a 
number of Gd3”-containing compositions for which 
the value of r is known. This value varies by an order 
of magnitude. Although this ratio is often used in the 
literature, it should be realized that its value is not 
absolute, since the radiative rate of the electronic 
6P 7/z + *S transition varies from compound to 
compound. For a site with inversion symmetry this 
transition is purely magnetic-dipole, but if the centre 
of symmetry is absent it has also electric-dipole 
character. The radiative vibronic rate can be found 
by measuring the radiative decay rate of the 6P7,2 

level, the ratio r and using the calculated radiative 
rate for magnetic-dipole emission. This has not been 

TABLE 3. Ratio r of the total vibronic intensity and the 

electronic intensity of the 6P7,, + *S transition in several 

host lattices at room temperature 

Composition r Reference 

P” - V(g + nti-“)%(I ) 2)YJll u’2’llJ’)2 

X _-!- (oIIT”‘llp)2 
2J+l 

where P, is the oscillator strength of the vibronic 
transition involved, v its frequency, n the number of 
ligands around M, g and cy the charge and polaris- 
ability of the ligand (see above), R the M-ligand 
distance , Z(1,2) is defined by eqn. 14 in ref. 17 and 
takes care of the opposite-parity mixing, J and J’ are 
the total quantum numbers of the initial and final 
electronic states, the first matrix element is that of 
the reduced tensor operator llu’2’11, and the second 
matrix element that of the electric dipole operator 
connecting the initial (0) and final (p) vibrational 
states. 

6P 
Considering only vibronics belonging to the 
7,2 + *S transition, the J values and the U(‘) matrix 

element will not vary. Note, however, that this matrix 

CszNaGdCl6 0.3 19 

La203:Gd 0.25 21 
LaOCl:Gd 0.16 16 

Ba2LnTaOg:Gd 0 .12 (average) this work 

Y203:Gd 0.12 25 

y202s 0.11 20 

GdCl3*6HzO 0.1 1 

CaW04:Gd 0.09 7 

YTa04:Gd 0.09 I 

BaFBr:Gd 0.08 20 
Gd acetate-4Hz0 0.08 22 

Y(OH)3:Gd a 0.08 2, this work 

CdA13B40,2 0.08 1 

CaS:Gd 0.07 23 

ScB03:Gd 0.05 26 

CaC03:Gd 0.03 20,21 
LaA103:Gd 0.02 21 
[Gd C 2.2.1]C13*2H20 0.02 24 

LaF,:Gd 0.02 21 

Gd(C104)3-6H20 0.02 21 

aOH- contributes only 0.002 
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performed for many compositions. Recently such 
data have been reported for YOCl:Gd [ 181. For the 
compositions in Table 3 we did not perform the 
decay measurements. This is a formidable job, since 
the decay time cannot always be interpreted as the 
radiative rate because of energy migration or energy 
transfer. The example of Y(OH)a:Gd is illustrative. 
The Gd3+ emission overlaps a weak host lattice 
absorption band which must reduce the decay rate. 
Here we will restrict ourselves to a critical survey of 
the data in Table 3. The table contains especially 
those cases where r is relatively high; in ref. 1 it has 
been shown that in many cases r is 0.02-0.03. 

First we consider the compositions discussed 
above. In Y(OH)3:Gd we observed two clearly 
different types of vibronic transitions. The one due 
to coupling with the OH- vibration is of the coopera- 
tive type. Stavola er al. [ 121 performed a quantitative 
calculation of the OH- vibronic transition belonging 
to the 6P,,Z + *S transition, but compared the results 
to experiments where Ha0 is used as a ligand. The 
infrared oscillator strength of the OH- ion amounts 
to (l-6) X 1O-3 [28]. With this value they arrived 
at a radiative rate for coupling with one OH- group 
of 0.08 s-l [ 121. This yields for nine OH- groups (as 
in Y(OH),:Gd) 0.7 s-l. 

For this vibronic transition we find from the 
spectra r = 0.002. If we estimate the total radiative 
rate to be 300 s-l (a reasonable value for Gd3’ on a 
site without inversion symmetry), the OH- vibronic 
rate is about 0.6 s-l. This is a very good agreement 
with the prediction by Stavola et al. [ 121, where it 
should be remembered that Y(OH)3:Gd is a perfect 
system to apply the theory. 

For the stretching vibration of Hz0 the oscillator 
strength in the infrared is an order of magnitude 
larger than for OH- [ 151, especially if hydrogen 
bonding occurs [29]. In fact the r value for Hz0 
vibronic lines due to coupling of the stretching mode 
with the 6P7,2 -+ *S transition is also an order of 
magnitude larger than for the OH- stretching vibra- 
tion. Examples are [Gd C 2.2.1]C13~2Hz0 (see 
Table 3) Gdz(S04)3*8Hz0 [30], NaGd(S04)z*Hz0 
[3 11, and Gd(C104)3*6Hz0 (Table 3). 

The coupling with the Gd-(OH) vibration in 
Y(OI-Q3:Gd is much stronger, yielding r = 0.08. This 
is ascribed to a large value of the product no in 
eqn. (1). For Y(OH)3 n amounts 9. The value of (Y is 
hard to derive. According to data in ref. 32 it is not 
much different from that of water, which implies that 
ar(OH-) is closer to o(F-) than to Q (0’). However, 
we have to take into account the frequency depen- 
dence of ar. This can be done by using the formula 
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NV)= f +L 

j Vij2 - V2 
(2) 

Here v is the frequency under consideration, Vii the 
absorption frequency and fij the oscillator strength 
of the electronic transition between the states i and 
j. From the diffuse reflection spectrum discussed in 
ref. 2 it is clear that a(OH-) at the frequency of the 
vibronic transition involved will be large, since 
Vii2 - y2 is relatively small. Since a,(OH-) is slightly 
larger than o,,(F), viz. 1.75 X 1O-24 versus 1.04 X 
1O-24 cm3, respectively, and (Y, will be considerably 
larger for OH- than for F- because the optical 
absorption transition is at lower energy for the 
hydroxide than for the fluoride, it becomes clear that 
the vibronic transitions in Gd3’-doped fluorides will 
be considerably less intense (see LaF3:Gd in Table 3). 

Let us now consider Ba2LaTa06:Gd. In this host 
lattice the Gd3+ ion has site symmetry Oh and is 
coordinated by six tantalate octahedra which have 
also Oh site symmetry. The emission spectrum of the 
Gd3+ ion shows three vibronics due to coupling with 
the v3, vq and vi modes of the tantalate group (see 
Figs. 1 and 2 and Table 1). The u3 and v4 modes 
appear as strong bands in the infrared spectrum 
[lo], so that their occurrence in the vibronic spec- 
trum is not unexpected. However, the symmetric 
stretching mode vi does not appear in the infrared 
spectrum. The matrix element (O1lT~l’llp) is zero for 
this vibration, so that eqn. (1) gives also zero for the 
vibronic transition involving vr. Nevertheless it is 
observed with an r ratio of about 0.01. 

This vibronic transition is ascribed to a Franck- 
Condon vibronic replica. The coupling parameter S 
can be estimated from the r value using the expres- 
sion e? = Z(o-o), where 1(0-o) gives the relative 
intensity of the zero-phonon (or pure electronic) 
transition [34]. From e0 = 0.99 we find S = 0.01. 
Such a low value is not unexpected for the rare- 
earths ions and was also used in ref. 15. A vibronic 
line due to coupling with a totally symmetric vibra- 
tional mode with comparable relative intensity has 
been observed before in many other compositions: 
for example CszNaGdC16 [19], YTa04:Gd [7], 
GdA13B40r2 [ 11, BaS04:Gd [l] and BaC03:Gd [ 11. 

The vibronic transitions involving v3 and v4 are 
more intense. These modes are infrared active. In the 
infrared spectrum these modes have about equal 
intensity, as in the vibronic spectrum. The relatively 
high intensity of the v3 and v4 vibronic transitions 
is ascribed to a relatively high value of (11. It should 
be realized that the tantalate group in Ba2GdTa06 
shows a broad absorption band with a maximum at 
41700 cm-’ [35]. For Ba2LaTa06 this result will 
not be much different. Equation (2) then predicts 
an increase of cr, especially so, since the value of frj 
is also high for the tantalate absorption transition. 

In YTa04:Gd the situation is comparable. Here 
n = 8 (instead of 6) Q is somewhat lower due to the 
fact that the absorption edge is at 44 500 cm-’ [36], 
but R is somewhat smaller the M-0-Ta angle being 
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less than 180” (the value in the ordered perovskite). 
The intensity of the vibronic lines is only slightly 
less than in the perovskite (see Table 3). 

Table 2 shows that the Y values for Gd3+ in the 
ordered perovskites BazLnTaOd (Ln = La, Y, Lu) 
depend on Ln. Note that this is not the case for the 
phonon replica due to coupling with vr. The inten- 
sity of the vibronic transitions due to coupling with 
v3 and v4 should obey eqn. (1). However, this equa- 
tion does not contain a term which is expected to 
vary from La to Lu. Since the space available for the 
Gd3+ ion decreases from La to Lu, the covalency will 
increase. According to Judd [14] and Faulkner and 
Richardson [ 131 increasing covalency results in 
higher vibronic intensity. We assume that the series 
BazLnTa06:Gd, where the properties involved do not 
vary with the choice of Ln, is a fine example of the 
prediction that the vibronic intensity increases with 
increasing covalency . 

In the elpasolite (i.e. ordered perovskite) 
CszNaGdC16 I amounts to 0.3. There are no molecu- 
lar vibrational modes. Coupling occurs with the 
modes of the regular GdClh3- octahedron [ 193. The 
values of (Y for Cl- and O*- are practically equal 
[33]. It is questionable, however, whether these 
ionic cr values are useful in this connection. The Cl- 
ion in elpasolite is strongly polarised towards the 
Gd3’ ion, the ion on the other side of the anion 
being Na+. This is a favourable situation for high 
vibronic intensity, as we will see below. Also, this 
configuration will result in a higher degree of co- 
valency which promotes also higher intensity (see 
above). Finally, R will be shorter than for the 
tantalate perovskite. 

Now we consider the other compositions in 
Table 3 which lack molecular (internal) vibrations. 
They are all characterised by a high value of r, except 
LaF3:Gd. Fluorides are expected to give low vibronic 
intensities in view of the low value of (11 and the low 
degree of covalency. The compositions Laz03:Gd and 
Y203:Gd show high values of I, where the former 
gives more intense vibronics than the latter. These 
compounds are rather covalent, and o will be 
increased by the presence of a low-lying host lattice 
absorption (Laz03 44000 cm-‘, Y20, 47500 cm-’ 

]371). 
The r value for CaS:Gd (0.07) is not as high as 

expected at first sight in view of the high value of 
Q (S*-), viz. 10.2 X 1O-24 cm3 [33], and the low 
optical absorption edge (33600 cm-i, [23]). How- 
ever, the high value of a is counteracted by the 
increase of R. More important seems the symmetric 
coordination of the S*- ions in the rocksalt structure 
of CaS. This reduces the possibility to polarise the 
S2- ion towards the Gd3+ ion which will occur only 
due to the presence of an effective positive charge on 
the Gd3+ ion. In the compound with layered structure 
LaOCl:Gd, (Y is expected to be larger, and r is much 

higher. In BaFBr:Gd, isomorphous with I.aOCl:Gd, 
the value of r decreases again: the fluoride ion will 
not contribute strongly, and the bromine ion has a 
very large radius. In this connection it is also interest- 
ing to note that it has been shown that the polaris- 
ability of oxygen in an anisotropic surroundings 
increases with the twelfth power of the anion-cation 
distance [38]. The other compound with layered 
structure, viz. Y202S:Gd, has a relatively low r 
value. In this structure the S*- ions are octahedrally 
coordinated by the rare earth ions, and the O*- ions 
tetrahedrally. As in the rocksalt structure, this is not 
so favourable for polarisation. 

In most of the oxidic coordinations with absorp- 
tion transitions in the vacuum UV the value of r does 
not exceed a few percent. ScBO,:Gd, and especially 
GdA13B40i2, seem to have rather high r values (see 
Table 3). Perhaps the small distance R, due to the six- 
coordination of Gd3+ and the bent Gd-O-B angle, 
play a role here. The former favours covalency, the 
latter a shorter distance. 

The high r value for the Gd acetate is related to 
the low absorption transition of the acetate group 
which roughly coincides with the ‘S + 6P transition 
on the Gd3+ ion [2 11. 

A very exceptional case seems to be MgF2:Gd3+ 
reported by ourselves with an r value of about 1 [39]. 
As far as the assignments of the lines is concerned, 
there is no reason to become suspicious. However, 
the present results show clearly that an r value of 1 
is unrealistic, and that the assignment, how obvious 
it may have been, is incorrect. Accepting the fact 
that the vibronic transitions in a fluoride cannot have 
a higher intensity than a few percent of the electronic 
origin, we arrive at the following correction of our 
previous interpretation. The strong lines ascribed to 
one-phonon vibronics in ref. 39 are interpreted as 
electronic transitions on the Gd-0 associate, already 
proposed in ref. 39. Unfortunately they are situated 
at a distance from the electronic lines of the un- 
associated Gd3+ ion which equals the vibrational 
frequencies of MgF,. In this way the vibronic transi- 
tions belonging to the unassociated Gd3+ ion are com- 
pletely overlapped by the electronic transitions of 
the associated Gd3+ ion. 

7. Conclusions 

Vibronic intensities in rare-earth spectra have until 
now been approached either theoretically or experi- 
mentally on one given host lattice. Here we have 
given an overview of the vibronic transitions belong- 
ing to the ‘jP,,, + ‘S emission transition of the Gd3+ 
ion. The vibronic intensities vary by one order of 
magnitude. By using the general theoretical expres- 
sion for this intensity, it was possible to account for 
the large variations observed. 
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