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Transition mechanisms and spectral shapes of th8Dy-'F,, line of Eu®* and St in solids
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The results of recerdb initio calculations performed by Smentek and Hess for sevfefatransitions of
EW®" in a host ofC,, symmetry are compared with experimental data, and dominant mechanisms of the
[°D1o-["Flo, [°D1o-['F1; and[°D];-[F], optical transitions of EU" and Sm* ions are discussed. It is
shown that the processes that were treated irath@itio calculation make only very small contributions in
these transitions in actual systems. The difference in the spectral shapd tbild 'F], line between E%i
and SM" in glass is explained on the basis of the different dependence of the transition energy on the value
of the crystal-field parametds,,.
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I. INTRODUCTION [J=J'|sA<[J+J]. 2

It is well known that most of the narrow spectral lines due This means that thé=0-J=0, 0-1, 0-3, and 0-5 transitions
to the optical transitions between the states of th& don-  are forbidden. In actual systems, however, spectral lines due
figuration of lanthanide ions in condensed matter are exto the transitions that violate the above conditi® are
plained by the Judd-Ofelt theohy In this theory, the sometimes observed. Typical examples are] #ie],-[ 'Fo,
electric-dipole transitions permitted by the odd-parity com-[°D]o-["F1;, [°D1;-['Flo, [°D]o-[Flz and [°D]5-[Flo
ponents of the crystal-field potential at the lanthanide ion sitdines due to the transitions within thef% configuration of
are treated by adopting the closure approximation. Then, it iEw** and SmM™ ions in several host materials. The mecha-
found that the transition strength between the state$4 nisms to allow these transitions have been discussed by sev-
and 4NV’ is proportional to eral investigator§ 2
Recently, Smentek and Hé3seported arab initio calcu-
lation of the [°D]o-['Flo, [°D]s-['Flo, [°D]4-['Fls,
> O, [(AfNE U4V 2, (1) [°Dlo-["Fl2, [°D]o-['Fla, and[°D],- ['F], transition am-
A=246 plitudes of the E&" ion in hosts withC,, symmetry. The
approach adopted is based on the second-order Judd-Ofelt
whereU™ are unit tensor operators, whif¢, are so-called theory modified by the third-order terms caused by the elec-
Judd-Ofelt parameters that depend on both host materiatson correlation effects among thef 4lectrons of the lan-
and lanthanide ions. thanide ion. They found that the matrix elements of two-
Since the spin-orbit interaction plays a significant role inparticle effective operators, which represent electron
lanthanide ions, let us use the intermediate coupling schemeorrelation effects, determine theD ]o-[ 'F ], transition am-
and express a free-ion state[8S"L];. It should be noted plitude. For the[°D];-[’F]o, and [°D],-['F]; transitions,
that S and L are not good quantum numbers. For examplethey employed the formulation that is based on the same
the[°D]; state of the EXi" ion contains considerable amount physical model as the Judd-Ofelt theory but uses the velocity
of the ’F, component in addition to théD; components.  form of the electric-dipole interaction operator. From the nu-
When a lanthanide ion is placed in a host matrix, we musimerical analyses, these authors obtained several results in-
take into account the effects of the crystalline field acting orcluding the ratios of the transition amplitudes among the
the lanthanide ion, although it is a good approximation to[°D]o-[’F]o, [°D];1-[’F]o and[°D];-['F]; transitions.
express a state by the free-ion wave function because these The purpose of this paper is to compare these results with
effects are small. The odd-parity terms of the crystal-fieldexperiments, and to discuss the dominant mechanisms of the
potential mix the higher #~Ind and 4N "ng states into  0-0 and 0-1 transitions of Bti and SM™* ions in solids. We
4fN states, thus partially allowing the electric-dipole transi-show that the contribution of the processes dealt with by
tions between two #" states. As mentioned above, this pro- Smentek and He$is negligibly small in actual systems.
cess was theoretically treated by Judad Ofelt? The asymmetric and nearly Gaussian spectral shapes of the
Another important effect of the crystalline field is to mix [°D]y-[‘F], lines of EG" and Sm* in glass are discussed
two 4fN states with different] values, which is called by taking into account the dependence of the transition en-
mixing. In the Judd-Ofelt theory, this effect is not taken into ergy on the axial second-rank crystal-field paramétgyas
account. Hence] is a good quantum number, and we obtainwell as the transition mechanism and the broad distribution
the selection rule as of the value ofByg.
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FIG. 1. Fluorescence spectra @) (80%) B,O; and (20%) FIG. 2. Excitation spectra d®) (80%) B,O; and (20% Na,O

Na,O glass containing 1 mole % of Eliions, andb) (85%) B,0,, glass containing 1 mole % of Bt ions, and(b) (85% B,Os,
(10%) Na,O, and(5%) Al,0; glass containing 1 mole %, of $th (10%) Na,0, and(5%) Al,0; glass containing 1 mole % of $h
ions at room temperature. The 322-nm light from a xenon lamp wasons at room temperature. The intensities of tAB]o-['F], fluo-
passed through a monochromatéull width at half maximum: 6  rescence ofa) EL®* and(b) Sn?* ions were monitored. The dotted
nm) and used for the excitation. lines denote the positions of théD],-['F], line.

Il. OPTICAL SPECTRA OF Eu 3t AND Sm?* IONS IN
OXIDE GLASS ity allowed, and theJ-selection rule is expressed, in a

magnetic-dipole transition, as
As an example of the optical spectra ofEuand Sm™* g P

ions in solids, we show the fluorescence and excitation spec-
tr5a of th7ese iorés in 0>7<ide glass ssample75 in Figs. 1 and 2. The
[°Dlo-[“Flg, [°’Dlo-[‘F]4, and[°D]o-[ ‘F]5 lines that are L 5 7
forbidden by the Judd-Ofelt theory are clearly observed i T5r1[()arefc17r|:e ' tlt 'S.t. pmb??_:l% that the{l %]O'E Fly an?
the fluorescence spectra. We notice that the intensity ratliE. ]Il-[ Jo transitions o %Ure mainiy ue to magnetic-
between the[SD]O—[7F]0 and [5D],{’F1, lines is much dipole transitions. Wheg] the7 ion |s”at a site having
higher in SM™ compared with E%i. The excitation spectra, Inversion symmetry, the°D1o 'Fl2 transition Is very weak
ﬁ: the fluorescence spectrum, while the intensity of the

AJ=0,£1 (except forJ=0-J=0). 3

which are considered to be almost the same as the absorpti E’b] [7F], transition is comparable to that in the case of
spectra, are quite different between the two samples. | 0 1 P

Sn?*-doped glass, the excitation band corresponding to th
parity-allowed transition from the ground state to tH@sd
states begins just above thg’F],—[°D], line. In
Eu**-doped glass, on the other hand, only the narrow line
due to thef-f transition of E4" are observed up to

— 71 - -
30000 cm?. In this sample, the #5d states lie above dipole transitions, while théD]o[’F], and [5D ], F],

the charge-transfer states, and the excitation band corre. C 0 1 Lo
. S -~ Tines are due to electric-dipole transitiotts Polarization
sponding to the transition to the charge-transfer state is ob-

_ . . experiments to show similar results were also reported for
served around 40000 crmh. In the following sections, we the EUAIO, crystal® Moreover, the strengths of the

o e e e rorstone and 5, 50, and D1, anstions of €6 in V.0,
oS 0 0 and YAIQ; calculated under the assumption of the magnetic-
' dipole transition were reported to be in good agreement with

experiment$>18Thus, it is considered to be established that
the [°D];-['F], and [°D]y-[’F]; transitions of Ed" in
various host materials are predominantly magnetic dipole.

First, let us consider thg’D],-[’F]; and[°D];-['F],  Therefore, we conclude that the electric-dipole transition
transitions of the EU" ion. It is well known that these 0-1 dealt with by Smentek and HeésSsn their ab initio calcula-
transitions are magnetic-dipole allowed. The magnetic-dipolé¢ion makes only a very small contribution in tfRD ,-[ 'F],
transition between two states of thé™configuration is par- and[°D],-[’F], transitions of E&".

e Eu site of no inversion symmefhfhis indicates that the
ormer transition is electric dipole in character, while the
latter is magnetic dipole. Further, for the ¥uions in
Ca(PQ), glass, experiments on the polarization correlation
Detween the excitation and fluorescence revealed that the
[°D]o[’F]; and [°D];-[’F], lines are due to magnetic-

Ill. THE 0-1 TRANSITION MECHANISM
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IV. THE 0-0 TRANSITION MECHANISM mechanismi) appears only when the crystal-field expansion
contains a linear term, and the breakdown of the closure
approximation is significant when the energy of the higher
opposite-parity states to mix intof¥ states is low. In the
The[°D]o-['F]o line, which is strictly forbidden in free  Ew* jon, the charge-transfer state is known to lie at rela-
ions, is observed for B and Sni* ions in several matri- tively low energies? Hence, it is possible that the admixture
ces. Smentek and Héssreated it as the electric-dipole tran- of this state plays an essential role in the electric-digefe
sition that becomes possible by the combination of the electransitions of E&*.° However, as mentioned below, the con-
tron correlation effect and the linear crystal-field potential.tribution of the breakdown of the closure approximation is
From the results of numerical calculations for’Eun a host generally considered to be small.
with C,, symmetry, they obtained the ratios of the transition  |n the excited-state spin-orbit interaction mechanisin
amplitudes among the°D]o{‘Flo, [°D1:-[’Flo and  the 0-0 transition is allowed even if the closure approxima-

A. Comparison of the results ofab initio calculation with
experimental data

[°D]:{'F], transitions as follows: tion is adopted:!’ A linear term of the crystal-field potential
is again necessary for theD]y-[’F], transition by this
5 7 5 7 _
T(CD1-LFlo)/T([°Dlol 'Flo) =43, mechanism. It is known that thg°D]o-['F], transition

strength is much larger in S compared with the isoelec-
tronic EC* in various host matrice€?2This is true also in

the case of glass hosts as seen in Fig. 1. It should be noted
that the intensity of thg®D],-[’F], fluorescence can be
psed as a standard, because this is due to the allowed

field parameters so long d&,, is nonzero, because all the magnetic-dipole transition and accordingly its strength is in-

three transition amplitudes are proportional to the crystal-senSitive to the host material. Further, this strength is almost

+ + ;
field parameteByy. For the[5D],-[’F], and[°D],-[F]; tEe same for EXi ang sm ,Ibecauie the wave f;:nctpns of )
transitions, they employed the alternative formulation of theN€ States concerned are almost the same in these ions. The

5 + ;
second-order theory based on the velocity form of thedf5d states of Srh' are located much lower in energy than

electric-dipole interaction operator. the charge-transfer states of Eu(cf. Fig. 2), and the energy

We can estimate the significance of the electric-dipoledifr\lerence between the higher opposite-parity states and the
transitions treated in thesab initio calculations from the 4f States appears twice in the denominator of the transition

above ratios. In the preceding section, we showed that thB1alrix element of the mechanisfin), while only once in the

[D],-[’F], transition observed in actual systems are pre-2S€ of(i). Therefore, the above-mentioned fact is interpreted

dominantly magnetic dipole in character, and the contribul? t€rms that the meChaTszng) is dominant in the
D]o-[ ‘F]o transition of S/*.2

tion of the electric-dipole process dealt with by Smentek and . .
The 0-3 and 0-5 transitions are forbidden by the Judd-

Hess? is very small in this transition. From the above ratio, A
Ofelt theory. Further, these transitions due to the Wybourne-

the amplitude of th¢°D],-['F]; transition is comparable to : i
that of the electric-dipolg®D],-[ 'F], transition. Therefore, Dsowner7 mechanism are known to be very wealince the
[°D]o-[ “F]5 transition is not much enhanced in 3mcom-

we conclude that the’D],-[ 'F ], transition that was consid- _ S \ _
pared with EQ* in glass(cf. Fig. 1), we consider that the

ered in theab initio calculation is very weak compared with o o
the magnetic-dipol¢®D1,-[ ’F], transition. The strength of contribution of the breakdown of the closure approximation
in the Judd-Ofelt theory is not significant in these ions.

the[°D];-[ 'F], transition of EG" in the site of no inversion . >
svmmetrv is usually comparable to that of I7E Therefore, we infer that the mechanisii) and/or(iii) make
y Y Y P 11, "Flo the dominant contribution in the 0-0 transition of Euand

transition. Thus, the[°D];-[’F]; transition treated by e _ ;
Smentek and Hess is concluded to be insignificant in actu e in various host materle}ls. It should b.e noted th"%t thg
Inear term is not necessary in the crystal-field expansion in

systems. Further, we can say that [RB ]o- [ "F ], transition h hanisnii
caused by the third-order terms due to the electron correld!® mecs amsr;ﬁm). 5 - i
The[°D]o- 'F]1, and[°D]o-[ ‘F ], transitions are allowed

tion effect is negligible, because, from the above ratio, th )
transition strength of this process is about 1/2000 of that o y both Juqq-OfeIt and Wybourne-Downer mechanisms. In
the electric-dipolg °D],-[ ’F], transition. these transitions, however_, the en_hgn_cement due to the pres-
ence of the 4°5d states in the vicinity of the # states
concerned with the transitions is not observed for thé Sm
ions in solids. This was identified as due to the destructive
Three probable mechanisms have been proposed for theterference between the contributions of the above two
[°D]o-["F], transition of EG* and Sm™* in the literature; mechanism$? In contradiction to the criticism of Smentek
namely, (i) the breakdown of the closure approximation and Hess? no unknown parameters were obtained from a
adopted in the Judd-Ofelt thedty:® (ii) Wybourne-Downer  fitting procedure in deriving this conclusion. Smerftaken-
mechanism that involves spin-orbit linkages within excitedtioned that our calculatidh taking into account only the
configurations;*”*® and (iii) borrowing of intensity from 4f°5d states of Sf'" as the excited states to mix into the
other transitions byl mixing.”"31°-12These processes were 4f% configuration states is not accurate and the contributions
not taken into account in theb initio calculation by of other excited states that are allowed by parity are not
Smentek and Heds. The [°D],[’F], line due to the negligible. However, the fact that the%d states of Srii"

T([°D]s-["F1)/T([°Do- ['F1o) =25,
T([°D1y-{"F11)/T([°D1y- ['F1o) =0.58.

These ratios are independent of the values of the crysta

B. Probable mechanisms of the 0-0 line
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are extremely low in energy compared with other excitedide glassed® We also found that thd mixing affects the

configuration states was not taken into account. mean energy of thg'F]; manifold**22'and also the homo-
geneous width of the®’D]-['F], line®® in E¥* and SmM™
C. The 0-0 transition due toJ mixing in Eu®*-doped glass ions in glass. On the other hand, Schngtal?’ showed that

the nuclear quadrupole splitting of théF ], state of Ed* in
silicate glass increases linearly with the excitation energy in
the[ 'F],-[°D], absorption band. This can also be explained
By the crystal-field-induced mixing ¢fF], into [F]o.28
Wybourné mentioned that the excited-state spin-orbit
coupling mechanisnii) would be dominant for the 0-0 tran-
sition of Snf*, while the J-mixing mechanism due to the
admixture of ‘F], into [ 'F], would be dominant in the case
"Bt E*. Our experimental results on glass samples are in
good agreement with these interpretations. However, this

. . hat the Eu site h c : J-mixing mechanism is not always dominant for the 0-0 tran-
tion experiment that the Eu site h@s, or C, point symme- i of E(3+ in various hosts. For example, we found that

try in this glass! The broad line around 590 nm, which is this mechanism is not important in the case of £in poly-
asymmetric in shape with a longer tail in the high-energy.

o . . vinyl alcohol and ¥%O,S crystal powder from the
side, is ass_|gn_ed to tHeD]o-[ 'F], transition. The spectral _ 5Dy]0_[7|:]0 to [5D]0-[\7éF]22 fluorgscencrt)e intensity ratio and
shape of this line is almost the same between the absorptiqg, dependence of the 0-0 transition strength on the value of
and fluorescence under broadband light excitation, and flugs = 12 In these samples, the Wybourne-Downer mechanism
rescence line narrowing is observed when the sample is ex22" amples,

; X o : . .~Is probably dominant.
cited with monochromatic light in the energy region of this

line. This means that this line is inhomogeneously broadeneg,] In the ab initio calculation, Smentek and Hésound
. . _ 7 . .
because of the distribution of the crystal-field strength in at the expression for tED ]y "F]o transition amplitude

glass has the form that can be interpreted in terms of the borrow-

From the energy splitting of thg’F], manifold deter- ing of intensity from other states through the Coulomb inter-

. . action operator. A numerical calculation showed that man
mined from the laser-induced fluorescence spectra under[ b y

various excitation wavelengths, it was found that the value o xcited states witd=2, 4, and 6 contribute to the borrow-
the crystal-field parameteBg h:';\s 2 broad distribution and ng. Therefore, these authors concluded that the scheme of

) 20 borrowing intensity is rather complex and it is impossible to
the spread of the energy difference between[fti2], and g Y P P

. . : - distinguish a single term that is dominant. However, their
7 1
['Flo states is determ'”e;’ by t?e spread of this vé?uéz._ conclusion was obtained for the electric-dipole 0-0 transition
We further found that th€>D]y-[ ‘F ], transition strength is

. 0 .._through the electron correlation effect, and as mentioned
linearly dependent on the transition energy under site

lecti itation®12 Thi It is int ted in t above, various results clearly show that the mixing of the
tshe fir:\/eéxc' "’; '? . r|1$ (;eju 'S mderpk))reti n (_ermsf[7|:]2 (M;=0) state into[ ‘F], contributes dominantly to
at the[ 'F ], state is pushed downwards by the mixing of y,o "5y 17 transition in the case of Eti-doped

the M;=0 level of the['F], manifold into[’F], through Ca(PQ), glass.

the axia1I/2 second-rank - crystal-field CompO”QBtZOCS?Z) Smentek and He$$mention that they do not compare
:(427/5) 17320Y20 (Yo is the spherical harmonigswhile e results with the analysis of Kushida and his co-workers,
the [*D]Jo-['F]o transition is pasrtlally7allowed by the bor- hecause theimb initio results have been obtained for the
rowing of intensity from the[*DJo-['F], (My=0) line complete radial basis sets of one-electron functions, while
through the same mixing:~**Because bg)th the energy shift he excitations are limited at most to the first excited states of
and the transition stzrength of #iéD]o{'Flo line are lin- 4 andg symmetries in the latter analysis. This is not correct.
early dependent oB3,, the linear correlation between the |n our model, the[°D]o-[ F], transition borrows intensity
transition strength and the energy position of this line can bggom the [5D]o-[’F], transition. In this case, the excited
expla!neds. ; - _ L states that mix by the odd-parity crystal-field potential and
This [°D]o['F]o transition mechanism of Bl in  enaple the electric-dipol@D ]y F], transition are not lim-
Ca(PQ); glass has been confirmed by the observation thajied to the 4°5d and 4f°5g states, but higher states are also
the degree of linear polarization of fluorescence is as high agcluded. Further, even the contribution of the charge-
0.5, as expected for the above mechanism, for the 0-0 resgransfer states, which was not taken into account by Smentek
nance fluorescence under linearly ~polarized lightang Hess, and also the contributions to explain the hypersen-
excitation,” and also by the fact that the intensity ratio of the gjtive enhancement of tHeéD]o-['F], line, such as due to

[°*D]o-['Flo to the[*D]o-[ ], transition is in good agree- the ligand polarizatioff are not excluded.
ment with the ratio calculated using the value B4, ob-
tained from the splitting of thé’F]; manifold**? It has
also been shown that the mixing of théF], into ['F],
through the second-rank crystal-field potential(®
=3 B2,C{? plays a dominant role in the vibronic spectra of ~ The solid lines in Figs. 3 and 4 show tfigD]o-["F],

q
the|f]|5D]0-[7F]0 and[°D],-F], transitions of E&" in ox-  fluorescence spectra under the broadband light excitation of

From the weak intensity of the’D],-["F]; transition of
Eu* ions in various host materials, tdemixing effect has
been believed to be generally small. In the case of glas
doped with Ed*, however, we found that this effect plays a
dominant role in the[°D],[’F], transition!®~!? Glass
doped with Ed" ions usually shows red fluorescence due to
the transitions from thg°D ], state to the lowef’F ], states.
Detailed studies of this fluorescence were carried out o
Euw**-doped Ca(Pg), glass using a site-selective spectro-
scopic techniqué®'?4|t has been found from the polariza-

V. SPECTRAL SHAPE OF THE 0-0 LINE OF Eu 3+ AND
Sn?* IN GLASS
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FIG. 3. The[°D]y[’F]o fluorescence spectrum of Eu in
Ca(PQ), glass at 77 K excited by ultraviolet light from a deutrium
lamp (Ref. 24. The closed circles show the theoretical curve cal-
—620 cm ! ando

culated using
=271 cml,

Eqst5), (6) and (7) with Xy=

FIG. 5. The transition energy of théD],-['F], line versus
B, for EW*" in Ca(PQ), glass at 77 K. The closed circles show
the data obtained from Fig. 1 of Ref. 24. The dashed line denotes

the curve calculated through E€) with a=6.75x10 ° cm and
c=17248 cm™.

Eu’t and SM™ ions in glass. We notice that the line shape is

asymmetric in E&", while it is almost symmetric in Sfi.
The asymmetric spectral shape of D ],-['F], line is

the energy differencel ,,=920 cm ! between theg 'F],
and[F], states'! this givesa=5.8x10"° cm, which is in

often observed in Eli -doped glass. In both cases of Figs. 3 fair agreement with the value obtained in Fig. 5. The small
and 4, the°D],-["F], line is inhomogeneously broadened difference might be due to the mixing of other states such as
and it is attributable to the distribution of the values of theeven-parity charge-transfer states infdF], through

second-rank crystal-field parameters. The valueB.gfand

ng) 924

|B,j at various sites can be determined from the energy In the case of SAv-doped fluoride glass, on the other
separations among the thrgtD o[ 'F]; fluorescence lines hand, it is not possible to express the enekgipy Eq. (4),
under site-selective excitation. It is known that the value ofand as seen in Fig. 6, it is necessary to use such an expres-
|B,j is almost insensitive to the 0-0 transition energy insion as
these samples:??
Figure 5 shows the relation between the valu®&gf and
the transition energy of the 0-0 line for Euin Ca(PQ),
glass. As shown by a dashed line in Fig. 5, the 0-0 transition
energyE is expressed, as a function ¥=B,,, as

E=aX?+c.

(4)

E=a(X+b)?+c.

©)

The value ofais negative andb is large, which disagree with

the expectation under the assumption that the energy of the
[°D], state is independent &2 . This might be due to the

If we assume that the energy of th& ], state is affected presence of the #5d states in the vicinity of >D]o.

only by the mixing of[ ‘F], due to the second-rank crystal-
field potentialV{?), while the energy of th¢°D], state is

independent o/?), a is calculated to be 4/75,,.'* With

FIG. 4. The[°D]o-["F], fluorescence spectrum of $min
(28.2 AlF;- and (12.2) HfF,-based glass that contaif®.3) YF,
(3.5 MgF,, (18.3 Cak, (13.1 SrF,, (12.6 BaF,, and(3.8) NaF as
all concentrations expressed as modifierole 99 at 77 K. All

We calculated th€°D ],-[ 'F ], fluorescence spectra using
the following relation:

14800 T T T
10 .
[ e
C o8 _~ 147601 ... e
= ‘s e
o r S ..
5 06f 2 147200 .. -
gl [ — )
2 041 E e
g i 14680 N
& 02 |
£ LN
Lo v 1 a1 0111 | Sagel Ll 14640 L 1 1 1 L
14650 14700 14750 14800 14850 1200 -1000 -800 -600 -400
- -1
Wavenumber (cm™1) By (cm’)

FIG. 6. The transition energy of thé8D]y-['F], line versusB,q
for S?* in (28.2 AIF;- and(12.2) HfF,-based glass that contains
(8.3 YF3, (3.5 MgF,, (18.3 Cak, (13.1) SrF,, (12.6 BaF,, and
(3.8 NaF at 77 K. The closed circles show the data obtained from

lines of an A" ion laser were used for the excitation. The closedFig. 5 of Ref. 21. The dashed line denotes the curve calculated
circles show the theoretical curve calculated using F8)s(6) and  through Eq.(5) with a=—1.22x10"% cm, b=1485 cm, and
(7) with X,,=—560 cm'! ando=141 cnil. c=14793 cm?
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data of Fig. 5 of Ref. 21. Anyway, from the results in Figs. 3
F(E)= f EP(X)Z& E—a(X+b)?~c]dX, (6)  and 4, we see that the asymmetric 0-0 line shape 3t End
nearly symmetric shape of S are explained well by tak-
ing into account the dependence of the transition enErgy
the value ofB,, and the broad distribution of this value. It
_ 2 —1/2 215 2 has already been reported that this type of calculation repro-
P(X)=(2ma®) "ex = (X=Xp)*/207], (" duces the 0-0 fluorescence line shape ot Ein glass®® In
and lanthanide ions in various sites were assumed to be uniRef. 24, on the other hand, the distribution of the value of
formly excited. The homogeneous broadening of theB, ) was also taken into account in the fitting of the 0-0 line
[°D]o-[“F]o line was neglected because it is small. Furthershape of E&' in glass. However, since the mean value of
the site-to-site variation dB,, was not taken into account |B,,| is almost insensitive to the 0-0 transition energy, the
for simplicity. We putZ=X? andb=0 for El**-doped glass essential point of the asymmetric spectral shape is repro-
assuming the above-mentioned intensity-borrowing mechaduced well by Eqgs(6) and(7) as seen in Fig. &
nism. On the other hand, we pit= 1 for Sn? " -doped glass,
because the Wybourne-Downer mechanism is considered to
be dominant. The closed circles in Figs. 3 and 4 show the
spectra thus calculated. The agreement between the calcula- The electric-dipole [°D]o-[‘Flo, [°D]o-[’Fli, and
tion and experiment is satisfactory in the case of Ein  [°D],-['F]; transitions of E&" ions treated in thab initio
glass, while it is fair for Sfi". The origin of the discrepancy calculation of Smentek and Heédshave been shown to be
in the latter is not clear. The fitting curve for $min glass  insignificant in actual systems. The dominant mechanisms of
obtained using =X? was almost the same as that in Fig. 4.the 0-0 and 0-1 transitions in Eu and Smi* have been
The discrepancy between the calculation and experiment idiscussed, and the significance of the intensity borrowing
Fig. 4 may be explained by the divergence of the distributionmechanism througli mixing for the[°D],-[ 'F], transition
of the value ofB,, from a Gaussian, the nonuniform excita- of EU** in glass has been emphasized. The different spectral
tion of the lanthanide ions, and the temporal variation of theshapes of the 0-0 line in Bli and SM™ have been ex-
crystal-field strength in gladddue to the large time differ- plained by taking into account the difference in the relation
ence between the measurements of the 0-0 lineshape and thetween the transition energy and the valugf.

where the distribution of the value &fin glass was assumed
to be a Gaussian as
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