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ABSTRACT

The luminescence of the systems (Y, Gd)ZO 50,:Bi,Tb and Li (Y, Gd:?iBO )3.5 Tb
(S= Ce3+ P):'3+ or Bia+) is reported, and the role of the sensitizer for tge Gd sublattice
has been studied. Upon excitation into the sensitizers 313+ or Pr3 , In both systems the
excitation energy migrates from the sensitizer over the Gd 3+ sublattice to the Th3* traps.
We observed two different BI°t emissions at room temperature in the oxysulphajf system,
and at T < 120 K in the b%rate system. This is related to the formation of Bi” clusters
which act as traps. The Ce”" ioninthe borate system functions as a trap. This is dscussed
and compared to ot:her rare-earth-borate compounds, which leads to recom mendations for
the use of the Ce~' 1ion as a sensitizer of the Gd”" lonin RE-borate compounds.

INTRODUCTION

d3+ compounds (see

At the moment, much attention is pald to the luminescence of G
e.ge [1-3]). From a fundamental as well as from a practical point of view, Gd3+ com pounds
have attractive properties,

In Gd3+ compounds the Gd3+ excitation energy migrates rapidly over the ca¥
sublattice. In rare~earth (RE) activated Gd3+ com pounds, this excitation energy can be
completely transferred from Gd3+ to the activator, resulting in the characteristic
activator emission. For efficient excitation the Gd3+ion needs a sensitizer, since the 4f7
transitions on the Gd3+ ion have a very low absorption strength. A luminescent material
with high efficiency may result if a sultable sensitizeris used.

In this paper we present a study of the luminescent properties of the following systems:
@) (¥,Gd),0,50,:B1,Tb (both 1 at.Z) and (1) Lig(¥,Gd)(BO3)4:S,Tb (where § = Ce3+, Pt
or Bi3+; both S and Tb3t are 1 at.%). The focus in case of the borates i1s mainly directed
upon the Bi3+~sensitized com pounds.
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The luminescence of B3t 1n RE202504 has been investigated by Blasse and Bril [4].
From their data the B3+ is expected to sensitize the cd3t emission efficiently, since the
spectral overlap is considerable.

For the LiﬁRE(BO 3)3 lattice such data are not available in the Hterature. We,
therefore, tried to sensitize the cd3+ emission with Ce3+, pr3t or Bi3+.

The crystal structure of both compounds is known. In the oxysulphate structure layers
of composition RE,0, can be distinguished [5]. The cdH-ga3 distance within a layer is
about 3.6 A, and between successive layers about 4.3 A, In the borate compound the RE3+
ions form Mnear zig-zag chains along the c-axis [6]. The shortest caF-gd* dlstance in
the chaln, the intrachain distance, is about 3.9 A and the Gd3+~Gd3+ interchaln distance is
about 6.7 A [7]. This compound has a one~dimensional REST sublattice. The energy
migration over the ¢a3t 1attice in LigGd(BO3) 3 was studied before by Garapon et al. [7].

EXPERIMENTAL

The preparation of the bismuth~ and terblum-doped rare-earth oxysulphate powder
samples was carrled out as described in [8] (see also Table I), The starting materlals were
Y203, Gd203, Tb, 0y (all from Highways Int,; 99.999%) and Bi203 {(J.T. Baker; Baker
Analyzed Reagent). Before firing, the obtained rare—earth hydrated sulphate was mixed
with 3 grams (NH4)2304 (Merck; p.a.).

+ . 3+
Table I. Firing conditions for samples RE}OZSOM }313 . Tb3 and L16 RE(B03)3:S,Tb
e = ¥3*; ca¥ and 5 = ce®, et or BT,
Sample Firing temperature/°C time/h atmosphere
RE,0,50, 900 - 950 9-10 air

The synthesis of the HGRE(BO3)3 powders, dobed with bismuth, cedum or
praseodymium and terblum was performed in a similar way as described in [9]. The oxides
mentioned above were used, and further Li; COq, H3B05 (both from Merck; p.a.), Ce0y
(Highways Int.; 99.999%) and Pry04 (Fluka A.G.; 99.97). The carbonate and oxides were
mixed in a ball mill The boric acid was added to this mix just before firing in a covered
platinum crucible in a nitrogen at mosphere (see also Table I). All compounds were checked
by X~ray powder diffraction.

The optical measurements were carrlied out at room temperature as described in [10].



RESULTS AND DISCUSSION

(Y,6d)70,50,:B4,Tb
Samples of this composition show a Tb3* emission of moderate intensity upon short-
wavelength UV excitation. We measured a quantum efficlency of about 407% for
(Gdo.98310,01TP0,019202504-
The excitation spectrum of the Th3* 5D, emission of (Gdy ggBig.q1Tho.01)2 0250, 18
shown in Fig. l. It consists of a broad band (A

()\max 3+
in Fig. 1) shows the characteristic Tb~ lines.

~ 3+
max = 265 nm) due to Bi”" {4] and some lines

= 275, 280, 307 and 310 nm) due to Gd3+. The longer wavelength part (not presented
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Fig::x 1; Excitation spectra of the T3+ SDA emission (?\em = 542 nm) (solld curve) and the
(Bi ") emission (A = 520 nm) (broken curve) at room temperature for

(Gdj ggBig 01T, 01020250, and (Gdg ggBig g))p07S0,, respectively; q, gives the
relative quantum output in arbitrary units.

Blasse and Bril [4] have ascribed the broad excitation band to the 1S0 > 3P1 transition
on the Bi¥* fon. The Gd3* nes observed, are the 857/2 to 6PJ (round 310 nm) and to 6IJ

(round 275 nm) transitions.

Excitation into the i3t ion ylelds an equal amount of TH3+ 5D3 and SDA emission and
a broad band (about 7% of the total emission intensity) with Mpax = 520 nm. For the time
being this emission is indicated as (B13")* emission.
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We prepared a sample (Gdo_99310.01)202804 to investigate the (Bi3+)* emission in
more detail. Its excitation spectrum at RT is also plotted in Fig. 1. It is definitely
different from the Tb3+ excitation spectrum mentioned above, although the differences
max > 270 nm) and a weak Gd3+]ine at about
313 nm. The dips in the 270 nm band have their minima at 275, 278 and 280 nm. They
coincide with the Gd3+ 887/2 k4 6IJ transitions, They appear as dips, because at these
wavelengths both (B13+)* and Gd3+ are excited, but most of the excited Gd3+ ions
obviously do not transfer to (B1TH*,

The (Bi3+)* emission 1s ascribed to clusters of Bt ions. From the work on ns2 ioms, it
2

are not large. There is a broad band (A

is well known that single charged ns
pi3t

ions can form clusters, e.g. pairs [11]. Tt has been

shown that has the same tendency [12,13]. In their Juminescence studies, Wolfert and

3"'ions in LaO0 Cl—m3+, a compound which has

Blasse [14] could not even observe isolated Bi
also a RE,04-layered structure [15]. In Gd,0,80,, these clusters act at 300 K as traps of
the Gd3+ excitation energy, and partly even as killers, because the emission intensity of
(Bi3+)* increases at lower temperatures. This explains the moderate value of the quantum
efficlency mentioned above. The diffuse reflection spectrum shows a weak absorption band
between 300 and 400 nm. Excitation into this band yields no luminescence, not even at 4.2
K. We ascribe this absorption band to more complex clusters of Bi3+ ions. The absorption

band of the Bi}*' and the (Bi3+)* centres practically coincide (see Fig, 1).

Orrl*r||1|]—rl|||1
300 400
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Fig. 2. Emission spectrum upon excitation into the B13* fons O‘excz 265 nm) room
temperature for (Y0.98310 01Tb0.01)202804; ® glves the spectral radiant power per
constant wavelength intervalin arbitrary units.
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Pigure 2 gives the emission spectrum of (Y0.98m0.01“’0.0 P2 0280, for excitationinto

the B3t fon. T consists of BY" 31’1 > ISO emission (A 320 nm) {4] and (313")*

emission and some Tbot 5D3 and 5D4 emission,

From a comparison of the emission spectra for excitation into the B3t ion of
(GdO.QSBio.OlTbO.Ol)ZOZSOA and of (Y 0.98310.01Tb0.01)202504’ the important role of the
Ga¥* 1ons becomes clear, In the Gd3 compound mainly b3 emisaion is olserved. In view
of the low concentrations of B13* and Th3* (both 1 at.?%), the energy transfer from Bi3+ to
Tb3+ takes place via the 6d>* sublattice. This means that B1ST rransfers its excitation

energy to the &d> foms (the ca* 8S-,,f, > 6? excitation lnes and the B3t emission band
. . +
(Fig. 2) have an optimal spectral overlap), followed by migration over the Gd3

sublattice to Tb*. In the yttrium compound the situation has changed drastically. Hardly

any T emission is observed, but a strong B3t 3Pl-130 emission is observed (see Fig.

2). This {llustrates the important role of the (;d3+ ions. We, therefore, have measured the

d 3+

integrated emission intensities as a function of the G content at room temperature,

The results are shown in Fig. 3. Note the strong increase of the Tb3+ emission intensity

3t

upon increasing Gd~ content. The Bi3+ intensity drops rapidly upon introduction of ca3t

into the yrtrium lattice, The Gd3+ intensity shows a2 maximum,
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Fig. 3. The relative emission intensity of Bt Q), gadt (o), (Bi3+)* (x) and ThH (4.D)
a8 a function of the Gd”" concentration de3+ at room temperature for

. e
(YO.gg_dexBio.OlTbO.o 1)20250 4 Excitation is into the Bi ion.
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The B13 1on transfers its excitation energy to the cad* ions. A critical distance for
this tranmsfer process, R,, can be estimated from the decrease of the Bi3'T emission
intensity shown in Fig. 3. This decrease of the 813 enmission as a function of the Gd3*

concentration, x, is given by:
Ty 34(x) = Ip; 3Hx=0)(1-0)" ,

where n is the number of ¢d3+ neighbour sites to which B3 can transfer its energy, and
(1~x) gives the probability that such a site is not occupied by a ¢d3t ton. Thisim plies that
B3t » cd3* transfer occurs if the B13* fon has one or more a3 neighbours, Le, the n
sites are within a sphere with radius R, around the B3t ion. Fitting the pt intensity
curve (Fig. 3) to eqn. (1), gives n = 25+5, With this value and the crystal structure data of
Table IL , an estimate of R, can be made: Rc has a value of about 7 A. This means that
Bt in Gd,0, 80, 1s a very efficient sensitizer indeed.

Table IT . Crystal structure data for Gd202304 and L16d(B04); and the calculated Gd-Gd
distances.

Compound lattice Gd-Gd distances number of remark
parameters in (R) neighbour ions
3.63 4
4.05 2
a= 4,18 A 4.18 2
b= 4,054 4.3 1
Gd202804 c = 12,98 R 5.8 4
=B =1y=090° 5.9 2
6.0 2
6.8 4
6.9 4
7.1 8
a=7.234
b = 16.61 A 3.88 2 intrachain
11¢Gd(BO3)y ¢ = 6.66 R 6.65 2 interchain
B = 105.32°

It is also possible to calculate the value of R, from the spectral overlap (S0) between
the ¢a* 85 - 6p excitation lnes and the BiO' emission band observed in Fig. 2. We
considered electric dipole~dipole interaction, Le.:

RS = 0.6 x 1028, (q 5,349 E~4.50 (2 116},
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where the absorption cross-section of the ¢d3t ion (QGd3+) = 5% 10_23cm2ev [17], E=4
eV and the spectral overlap SO = 2,6 ev'l. We arrived at an R, of about 4 A. The
difference between this value and the R, value calculated above, indicates the important
role played by exchange interaction in the transfer concerned. This has been observed

before [18].

Let us now return to Fig. 3. Monitoring the 6d3* emission as a function of the Gd3*
concentration (xg4 34) makes it possible to estimate the critical concentration for energy
migration (Xcr) among the ¢a3t 1ons as discussed in [3]. That paper considers the problem
of percolation and critical concentration in a number of (Y,Gd)-systems. The theoretical
value of X.r 1s equal to 2/N, where N is the number of neighbour ions involved in the

energy migration process [3].

The value of x,, in the oxysulphate system is about 0.15. Therefore, N has a value of
about 13, With this value for N and the crystal structure data presented in Table II, an

estimate of R the critical distance for energy transfer among the ca3t iomns, can be

er?
made: R . = 6 A In this system energy transfer is by no means restricted to nearest
neighbour ions, This implies that the Gd3+ energy migration is not restricted to the
Gd202—layers. This value of R, 1is in line with the value of approximately 6.5 A derived

3+

earer for Gd~' ions on a crystallographic site which lacks inversion sym metry. This is

also the casein GdZOZSOA'

We measured for GdZOZSOA:Bi,Tb, upon excitation into the Bi3+ ion, an exponential
Tb3+ 5D4 decay curve with a decay time of about 2 msec. A single-exponential Gd3+
61’7/2 > 837/2 decay curve with a decay time of 1 msec was measured for

(Gdg.5Y0.48B10.01 Tbo.,01)20250,+ We have also tried to measure the (Bi¥H* decay in

(Gdp,99B1p,01)20250,.

Figure 4 gives the decay curve at RT for excitation into the Bi3+ ions (A = 280 nm)

ex
with a one-exponential tail with a decay time of about 500 psec. The build-up j.scnot easy to
analyze since all types of B13+ ions are excited simultaneously, However, it reflects
feeding via the Gd3+ sublattice. The decay time of the tailis long compared to other Bi3+-
pair decay times, as measured by Wolfert et al. [12], Obviously the decay time is not
determined by the (fast) relaxation in the (Bi3+)* centre, but by the (relatively slow)
feeding. This can be described following, e.g., the Hnes of argument for Cr3+ in MgO,
glven by Mac Craith et al. [19]. Apart from the build-up, the decay curve is expected to
show a fast and a slow part. The fast part is due to direct excitation of (Bi}’)* followed by
emission with a probability P( Bi3+)*‘ The intensity decreases as I= Ioexp[—P(Bi}!—)*.t]. For
the slow part the time dependence is given by exp[«(P cat P;Jit], where P, .is the overall
cd3t to (Bi3+)* energy transfer probability, and PG& is the radiative probability of the
Gd3+ ions, In our case we cannot measure the faster part. The slower part of the (Bi3+)*

decay curve ylelds an acceptable value for P4 + Peps viz, 2 x 103s_l [30].
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Fig. 4. The decay curve of the (Bis"')* emission of (Gd0.993i0.01)20280A at room
tem perature, Excitation with )‘exc = 280 nm (Bi7).

L_i6(Y,Gd)(B03)3:Bi,Tb
The samples of 1.16(Y,Gd)(BO3)3:Ri,Tb have a pale-yellow colour. This colour seems to
be related to the presence of the Bi3t ions, since the Ce3+, Tb3"'— and Pr3+, Tb3+-doped

samples (see below) are colourless, Therefore, we prepared the following samples: (1)
LigGdo,98Bl0,01 b0,01(B03)3 @D L14Gdg 985815 005Tbg,01(B0y)3  and (i)
LiGGdO.987SBiO.0025TbO.O 1(B03)3. From (i) to (iif) the yellow colour becomes less intense,
and the third sample is nearly colourless, For short wavelength UV excitation, there is an
increase of the Tb3+ emission intensity and a decrease of the 1113+ emission intensity going
from sample (i) to (iii), while the Gd3+ emission Intensity remains the same for all
samples. Below we willshow that the transfer processes inthe borate system are thesame
as in the oxysulphate system. Therefore, this intensity change shows that the B3t ionis
not in a second phase: less B3 resuts in more THt emission, suggesting that at least
part of the Bi3+ ions are competing with the Tb3+ for the Gd3+ excitation energy (as in
the oxysulphate system). Therefore we assign the yellow colour tentatively to Rt3+
clusters, as in the oxysulphate system. These clusters act as killers at room temperature.
The diffuse reflection spectra show an absorption tail extending to 500 nm, which is
responsible for the yellow colour. Upon decreasing the Bt concentration, the killer

concentration decreases also, and therefore, more Tb3+ emission is observed.

At temperatures below 120 K, a (B13+)* emission band with A = 540 nm appears in

max
the emission spectrum of L:L6Y0_98B10.01Tb0'01(303)3 upon excitation into the Bi3+ ion.
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Fig. 5. Excitation spectrum of the (Bi3H)* emisston (\, = 520 nm) at 4.2 K for
LigY¥0,98B10,01 TP0.01(B03)3¢

Is excitation spectrum is shown in Fig. 5. This excitation region corresponds to the
shorter~wavelength part of the absorption tail in the reflection spectra,

The quantum efficiency of the luminescence of Li6Gd(B03)3:Bi,Tb upon Bi3+ excitation
has a low value (about 207%). The B3t killers proposed above are responsible for the fact
that it was not possible to obtain samples with high quantum efficiencies.

In Fig. 6 the excitation spectrum of the T3 5D4 emission of
3+ 1 3
m6GdO.98m0.01Tb0.01(303)3 is shown. A broad Bi Sy » P, absorption band with A max
= 265 nm, and the caH 887/2 to 6P Hnes are observed. The longer wavelength part with
the characteristic Tb3+ Hines is not presented.

Excitation into the Bi* band ylelds about 107 B3* 3P, » 1s) emission, 57 ca3+ Op
emission and about 857 Tb3+ 5D4 emission, Due to multiphonon relaxation, no Tb3+ 5D3
to /F; emission is observed.
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Fig. 6. Excitation spectrum of the T3+ 5D4 emission (A\,, = 542 nm) for

LigGdg 9gBig,01Tbg,01(B03)3 (solid curve) and the emission spectrum upon excitation into
the B3t ion for Li6Y0.9SBiO.01Tb0.O 1(B03)3 (broken curve), both at room temperature,

The emission spectrum of L16Y0_98310.01Tb0.01(303)3 consists of a Bi3T 3P1 > 150
emission band O‘max = 340 nm) if excitation is into the Bi3+ band at 265 nm (Fig. 6). From
both the emission spectra of Li6Gd0.98310.01 Tb0_01(B 0 3)3 and
1‘16Y0.98310.01Tb0.01(303)3 the important role of the Gd fons is clear: the energy
transfer from Bi3T to Tb' takes place via the Gd¥* 1ons. We have measured the relative
Gd3+, i and Tb3+ emission intensities as a function of the Gd3+ concentration (de).
Results are given in Fig. 7. The TbH emission intensity increases and the Bi3t emission
intensity decreases with increasing 6d* concentration Up to xgq = 0.98 the Gd3+
emission i1s present. This means that the Gd3+ concentration does not reach the critical

concentration x_.. as in the oxysulphates (above). The energy transfer probability from

cr
Bi3t to ¢d3* can be calculated in the same. way as above, applying eqn, (2), with Q Gd3+ =
5 x 10723 cmzeV, E=4 eV and SO = 0,05 eV"l, This results in an R, value of about 3R
Since the shortest B13-ca3t distance s about 3.9 A (see Table II), this excludes a
dominating contribution to the B3 » ga3t energy transfer by electric dipole—dipole
interaction. Therefore this transfer must be dominated by exchange interaction, which

makes it hard to calculate R..
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Fig. 7. The relative e mission intensities of Bi3% (@), Gd3* (o) and TH3* (¥) as a function of
the ca3t concentration x;43f at room temperature for Li6YO.98-dexBio.01Tb0.01
(BO3)3. Excitation is into the Bi”" ion.

From the decrease of the Bi3+ emission intensity in Fig. 7, we can estimate a value for
R.. The value of nin eqn. (1) is found to be about 1, This value indicates that there is only
one Gd3+ site within a sphere with radius R; to which 313"' can transfer its excitation
energy. In view of the structural datain Table IL, R is 3.9A

In L16Gd(BO3)3 the Bi3+ ion is not an efficient sensitizer. Not only does it not transfer
its excitation energy completely to the Gd3+ ions, but its presence results also in killer

centres,

E6Gd§ 303)3:C81Tb

Samples L16Gd(BO3)3:Ce,Tb show only a very weak b3+

emission upon short
wavelength UV excitation.

In Fig. 8 the luminescence spectra of 1igGdy 98 Ceg,01Tbo.0 1{B03) are shown,
The excitation spectrum of the Tb3+ SDA emission shows at least three broad Ce}" 4f » 54
bands at about 345 nm, 305 nm and below 250 nm. Further, the Gd3+ 857/2 to 6P, 6[ and
6D transitions are clearly observed. Excitation into one of the Ce3+ bands ylelds mainly
Ce3+ emission with Mpax = 415nm, 385nm and 325 nm.
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Fig. 8. Excitation spectrum of the Tb3+ 5D4 emission (A _— 542 nm) (sold curve) and the
emission spectrum upon excitation with A,.. = 274 nm (broken curve), both for
LiGGdO.98 CeO.OlTbO.Ol(B°3)3 at room temperature,

The energy difference of about 2000 cm™! between the 385 nm and the shoulder at 415 nm
corresponds to the ground state splitting 2F7/2 - 2F5/2. Peculiarly enough, there is
another Ce3+

Whereas the 415 and 385 nm-emission bands originates from the lowest crystal-field

emission band at shorter wavelength with a maximum at about 325 nm.

components (d,) of the 5d state, the 325 nm-emission originates from the one-but lowest
(d5). In fact the excitation and emission spectra correspond nicely in this aspect. Similar
phenomena have been observed before [20]. Obviously the rate of the non-radiative
transition d, + d, is not much larger than the d2 radiative rate.

The energy transfer processes between ce3t and ca3t in ]..16Gd(BO3)3 become very
complicated in this way. However, by neglecting transfer from a broad-band donor to a
narrow-line acceptor relative to transfer from a narrow-lne donor to a broad-band
acceptor if the spectral overlap is of comparable size [21], we arrive at the following
scheme: (1) excitation into the Ce3+ ion gives mainly Ce3+ emission, the transfer rate
Ce3+(d2) > Gd3+(6P7/2) being negligibly small in comparison with the reverse transfer
rate; (i1) excitation into the cdH ion gives mainly ceXt and a small amount of Tb3+
emission. After excitation of the Gd> sublattice, the excitation energy migrates over the
¢d3 sublattice. The Ce3* ion will be a much more effective trapping centre than the
Tht ion in view of the allowed transitions in the former [22]. As a consequence not much

ThIH emission is observed.
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Sum marlzing, the Ce3+ ionin Li6Gd(BO 3)3 behaves as an activator, not as a sensitizer.
This is a surprising result, since in the borate GdMgB50 4, the Ce3* ion behaves clearly as
a sensitizer [2}. Both crystal structures have the rare-earth ions in an eight coordination
forming linear zig-zag chains. In GdB;0,, the Ce3* ion behaves also as a sensitizer,
although a lttle less efficient thanin GdMgBSOIO [13]. However, in REAl4B, 0, and the
orthoborates the Ce3t absorption and emission levels are again too low for sensitization
([23] and [20], respectively), as is also the case for SrLaB 0, [24]. Tt would be useful to have
a tule of thumb to predict whether the ce3t ion in borates will be a sensitizer or an
activator, because the borates are host-lattices of considerable importance.

The position of the cedt levels of the 5d state is determined by two effects, viz.
covalency, reducing the centre of gravity of the 5d state, and the symmetry and
magnitude of the crystal-fleld at the Ce3+ site [20,25]. Cubic eight-coordination is
unfavourable for a high position of the lower crystal-field components [20]. It seems,
therefore, that covalency effects are more important [25}. If we consider for simpHcity
the borate group coordinating the Ce3+ ion as a polarizable medium, the strongest Ce-0
covalency is expected for the borate group coordinated on the other side by low-charged
ions. This simple model is unexpectedly succesful: in GdMgBg0y and GdB304 these
other-side ions are B3t (and Mgz"); in GdAl3B, 045, 1igGd(BO3)y and GdBOg, they are
trivalent ions larger than B3+ {and Lf*). The compound S5rLaB0, is a case apart, since
there is also an ol ion not belonging to a borate group, a situation which yields a high
covalency anyhow,. This predicts that only Gd3+ borates with condensed borate groups can

be expected to show efficient sensitization with Ce3+.

3+

Finally we consider the Pr™" ion as a sensitizer.

144GA(BO4)45:Pr, TH

Upon excitation nto the Pr3* fon (Ao, . = 254 nm) LigGdy ggPry 01 Tbo.o (B0 )3 yields
mainly b3 emission. No Pr3t emission is observed. The Th+ excitation spectrun in
Fig. 9 shows that Prot is a sensitizer of the Gd3* sublattice. There is energy transfer from

Prit ¢ Gd3+, followed by energy migration over the ca3t sublattice to the Tb ' ions.

3+

Since the maximum of the Pr™" excitation band is on or outside the spectral Xmit of our

instrument, it is hard to indicate how efficlent the transfer is. The absence of Pr3+
4E5d»4E2 emission suggests that the transfer efficiency is high. A rough estimation of the
energy difference between the positions of the lowest 4f-5d absorption bands of Pr3+ and
Ce3+ yields about 13,000 cm—l, in good agreement with expectation [28].

Efficient sensitization by prit has also been reported by De Hair for BaGd,S50,7 [26]
and Srivastavait__gl_, for GdB 03 {27]. The criteria for this to occur have been glven by De
Vries and Blasse [28]. Actually these are satified in the present case. From the Ce3+-dcped

compound the Stokes shift is seen to be relatively small. Figure 9 suggests that



100—1 — 100
. :
_ Pt
I
| -— Gd** — |
50 —50
9 B
(au) Pt T (aw)
O_J’/lr T T T I‘L T T | I T T O
250 300 350

wavelength «m>

Fg. 9. Excitation spectrum of the Tb3+ 5D4 emission (A, = 542 nm) for
LigGdg 98Pr0'01’1‘b0.01(303)3 and the emission spectrum upon excitation with )‘exc = 235
nm of Li6YO.99PrO.01(B 03)3, both at room temperature,

+ 6 oo .
the I’r3+ 4f5d+4f2 emission will overlap the Gd3 I transitioms. This

is actually the case. The emission spectrum of L16Y0.99Pr0.01(303)3 shows two broad
Pr3+ bands at about 270 nm and 300 nm and a weaker Pr3+ band at about 345 nm (Fig. 9).
They are transitions from the lowest crystal~field component of the 4£5d state to the 31-14
and 3H5 levels, to the 3“6 and 3FJ levels, and to the 1G4 level of the 4f2 configuration,
respectively.

The Pr3+ ion is, therefore, the most efficient sensitizer in L16Gd(BO 3)3. For practical
applications it is situated at too high energy. Recently it has been shown that the use of
Pr3+ ylelds also undesirable effects, viz, back-transfer from the activator to the sensitizer
[29].

CONCLUSION
.3+ 3+ cs 3+ .
We have shown that Bi and Pr can sensitize the Gd sublattice of
L16Gd(BO3)3 and Bia+ that of Gd;0,80,. However, these sensitizers have drawbacks
resulting in radiationless losses. The Ce3+ ionin LiGGd(BO3)3 acts as an activator. Only in

condensed borates, Ce3+is expected to behave as a sensitizer,
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