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The efficient luminescence of the 5s2 ion Sb3+ in Ln(P03), (Ln = SC, Lu, Y, Gd, La) is reported. The 
coTpounds Ln(POj), (Ln = SC, Lu, Y, Gd) adopt the Yb(PO& structure in which four slightly 
different octahedral sites are available for the trivalent cation, while La(P03)3 has the Nd(PO& 
structure in which only one position with eight coordination is available for the cation. The emission 
and excitation spectra of Ln(PO,),-Sb3+ (Ln = SC, Lu, Gd) show broad bands, caused by the strongly 
overlapping bands of the four Sb’+ centers. The spectra and decay time measurements show that the 
differences in luminescence characteristics between the four Sb3+ centers become more apparent with 
decreasing radius of the host lattice cation. The luminescence properties of Y(P03)j-Sb3+ are rather 
complex and lead to the conclusion that the relaxed excited state of some of the Sb3+ centers is 
distorted by a Jahn-Teller effect. The luminescence of La(P03)3-Sb3+ originates from one Sb3+ center 
and can be described by usual models o 1988 Academic PESS, IX. 

1. Introduction 

It is well known that the luminescence 
properties of s2 ions depend strongly on the 
host lattice (1-3). In order to get more in- 
sight into the lattice dependence of the lu- 
minescence of trivalent s2 ions, we perform 
a systematic study on the luminescence of 
the Sb3+ ion in inorganic host lattices. Re- 
cently, we reported on the luminescence of 
Sb3+ in LnB03 (Ln = SC, Lu, Y, Gd, La) (4) 
and LnP04 (Ln = SC, Lu, Y) (5, 6). The 
orthophosphate LnP04-Sb3+ system was of 
special interest, since the excited states of 
the Sb3+ ion in this lattice are, both in exci- 
tation and emission, clearly distorted by the 
Jahn-Teller effect. In this paper we report 

* To whom correspondence should be addressed. 

on the luminescence of Sb3+ in the meta- 
phosphates Ln(PO& (Ln = SC, Lu, Y, Gd, 
La). 

The structures of these metaphosphates 
were determined by Melnikov et al. (7). 
La(P03)3 has the Nd(P03)3 structure, which 
has been described by Hong (8). In this 
structure one crystallographic site is avail- 
able for the trivalent cation which is sur- 
rounded by eight oxygen ions forming LnOs 
dodecahedra. The other metaphosphates 
adopt the Yb(P03)3 structure (7, 9), which 
has also been described by Hong (10). In 
this structure four slightly different crystal- 
lographic sites are available for the trivalent 
cation. In all these sites the cations are co- 
ordinated by six oxygen atoms to form 
slightly distorted octahedra which are iso- 
lated from each other. The cation-oxygen 
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distances are slightly different from site to 
site. In the case of Yb(PO& two of these 
sites have inversion symmetry, while the 
symmetry of the other two sites is low. Pre- 
liminary investigations on the luminescence 
of Eu3+ in SC(PO~)~ and Gd(P03)3 reveal 
that also in these metaphosphates there are 
two sites with inversion symmetry and two 
sites without inversion symmetry (II). 

2. Experimental 

2.1. Sample Preparation 

Starting materials were Sc203, Y203, 
G&O3 (all Highways International, 
99.999%), Lu203 (Highways International, 
99.99%), Laz03 (Highways International, 
99.997%), Sb203, and (NH&HP04 (both 
Merck, p.a.). 

Samples Ln(P03)3-Sb3+ (Ln = SC, Lu, 
Y, Gd, La) were prepared by mixing stoi- 
chiometric quantities of Lnz03, Sb203, and 
(NH&HP04 (15 mole%, excess), and firing 
this mixture in air for 1 hr at 4OO”C, 1 hr at 
700°C and 1 hr at 1000°C. The obtained 
composition is reground and fired for an- 
other hour at 1000°C. 

For reasons which will become clear 
later, one sample of Y(P03)3-Sb3+ was pre- 
pared starting from Y2-,Sb,03. This mixed 
oxide was obtained by dissolving Y203 and 
Sb203 in hydrochloric acid (Baker, 36%, 
A.R.) and precipitating the metal ions as 
hydroxides by adding ammonia (Merck, 
25%, p.a.). The precipitate was then 
washed, dried, and fired in air for 3 hr at 
500°C. The obtained oxide was mixed with 
(NH&HP04 and fired as described above. 

All samples were checked by X-ray dif- 
fraction using Cuba! radiation. Samples 
were prepared with a varying starting 
amount of Sb203. Some of these samples 
were analyzed by atomic absorption spec- 
troscopy to determine the actually built-in 
amount of Sb. As shown in Table I, this 
amount varies strongly, most likely de- 

TABLE I 

ANTIMONY CONTENT(MOLE %)OF SEVERAL 
METAPHOSPHATE SAMPLES 

Composition 
Weighted-in Built-in 
amount Sb amount Sb 

Sc(PO&-Sb3+ 
Lu(PO&-Sb3+ 
Y(PO&-Sb3+ 

Gd(PO&-Sb3+ 
La(PO&-Sb3+ 

5 0.3 
2 0.7 
3 3.0 

10 5.2 
5 1.4 
1 0.3 

pending on the host lattice and the starting 
amount of Sb203. 

2.2. Optical Instrumentation 

The instrumentation is the same as de- 
scribed in Ref. (6). Quantum efficiencies at 
300 K were estimated by comparing the 
samples with commercial Sb3+-activated 
calciumhalophosphate. 

3. Results and Discussion 

3.1. Sc(P03)3-Sb3+, Lu(P03)3-Sb3+, and 
Gd(P03)3-Sb3+ 

Spectra. All samples show a bluish lumi- 
nescence under UV excitation with a quan- 
tum efficiency of about 70% at 300 K. Fig- 
ure 1 shows the excitation spectrum of 
Sc(P03)3-Sb3+ at different temperatures. 
At low temperature the excitation band ex- 
hibits a doublet structure. At higher tem- 
peratures this doublet structure vanishes. 
The emission spectrum of Sc(PO&-Sb3+ at 
5 K is given in Fig. 2 for three different 
excitation wavelengths. At this tempera- 
ture the position of the emission band is 
slightly dependent on the excitation wave- 
length. This dependence vanishes at higher 
temperatures. The broad emission band is 
then found at 24,700 cm-l. 

The excitation spectra of Lu(PO&-Sb3+ 
and Gd(P03)3-Sb3+ consist, even at 5 K, of 
one broad band. The excitation maxima are 
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FIG. 1. Excitation spectrum of the emission of 
Sc(POS)3-Sb3+ for T = 5 K (-), 180 K (-.-.-), and 280 
K (---). The emission wavelength is selected using a 
cut-off filter (A,, > 360 nm) and a band-pass filter (380 
< A,, < 420 nm). qr represents the relative quantum 
output in arbitrary units. All spectra are normalized. 

found at 40,500 cm-i for Lu(PO&-Sb3+ 
and 41,000 cm-’ for Gd(PO&-Sb3+. For all 
excitation wavelengths (even at 5 K), the 
emission of both compositions consists of 
one broad band. The emission maxima are 
found at 23,500 cm-’ (Lu(PO&-Sb3+) and 
22,000 cm-l (Gd(PO&-Sb3+). 

For all compositions the excitation and 
emission bands broaden at increasing tem- 
perature. No temperature quenching is ob- 
served up to room temperature (RT). The 
luminescence properties of the samples 
show no dependence on the Sb concentra- 
tion. Furthermore, we note that no energy 
transfer from Sb3+ to Gd3+ ions or reverse 
is observed in Gd(PO&-Sb3+ due to the 
lack of spectral overlap between the emis- 
sion and excitation bands of these ions. 

For all three compositions the excitation 
band is ascribed to the ‘So + 3Pr transition. 
The emission band is ascribed to the 3Pi + 
‘So transition and at low temperatures to 
the 3P0 + iSo transition, as indicated by de- 
cay time measurements (see below). The 
positions of these bands are in good agree- 

ment with those of the corresponding bands 
for Sb3+ in other oxidic compositions (4, 6, 
12). 

In all three compositions four slightly dif- 
ferent sites for the Sb3+ ion are available. 
The low temperature structure in the exci- 
tation spectrum of Sc(POJ)3-Sb3+ is as- 
cribed to the occurrence of Sb3+ ions on 
different sites (see Fig. 1). This is in line 
with the slight changes in the position of the 
emission band at different excitation wave- 
lengths (Fig. 2). At higher temperature the 
emission and excitation bands broaden and 
these features vanish. 

Since even at low temperature only one 
broad excitation and emission band is ob- 
served for Lu(P03)3-Sb3+ and Gd(PO& 
Sb3+, the influence of the different sites 
on the luminescence properties of the Sb3+ 
ion is obviously smaller than in the case of 
Sc(PO&-Sb3+. However, some evidence 
that also in these compositions the lumines- 
cence originates from Sb3+ ions on different 
sites results from the band widths which are 
broader than usual for Sb3+ luminescence 
from a single site. The full width at half 
maximum (FWHM) of the excitation band 
of Sb3+ in La(P03)3, in which only one 
crystallographic site is available, amounts 
to 5000 cm-’ at RT. The excitation bands 
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FIG. 2. Emission spectrum of Sc(PO&-Sb’+ at T = 
5 K for excitation wavelength 245 nm (-), 260 nm 
(-.-.-), and 280 nm (---). Q, represents the radiant 
power per constant energy interval in arbitrary units. 
All spectra are normalized. 
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TABLE II 

SPECTRAL DATA AT RT OF Sb3+ IN Ln(POJ, (Ln = SC, Lu, Gd) 

Excitation Emission FWHM of Stokes Radius hosta 
Composition maximum maximum excitation band shift lattice cation 

Sc(PO&Sb3+ 40,000 24,700 7400 15,300 0.745 
Lu(PO&-Sb3+ 40,500 23,500 6100 17,000 0.861 
Gd(PO&-Sb3+ 41,000 22,000 5900 19,000 0.938 

Note. All values in cm-‘. Additionally, the radius of the host lattice cation is given (A). 
See also text. 

a Ref. (23). 

for Sb3+ in other oxidic lattices, e.g., 
LnB03-Sb3+ (Ln = SC, Lu, La) (4) and 
LnP04-Sb3+ (,Cn = SC, Lu, Y) (6), are even 
narrower (at RT). For Gd(PO&-Sb3+ and 
Lu(PO&-Sb3+ the FWHM values at RT 
amount to 5900 and 6100 cm-‘, respec- 
tively. For Sc(P03)3-Sb3+ it even amounts 
to 7400 cm-’ (at RT). 

The decreasing FWHM values (see Table 
II) in going from Sc(P03)3-Sb3+ to Gd 
(PO&-Sb3+ suggest that the differences be- 
tween the four possible Sb3+ sites decrease 
with increasing radius of the host lattice 
cation. 

It should be kept in mind that the band 
positions in Table II represent the observed 
maxima at RT, which result from the super- 
imposed contributions of the Sb3+ ions at 
the four different sites. The same holds for 
the Stokes shift, which is taken as the en- 
ergy difference between the excitation and 
emission maxima of the ‘S,, ---, 3P1 transi- 
tions. Inspection of Table II reveals that the 
Stokes shift increases for increasing values 
of the radius of the host lattice cation. This 
is usually observed for dopant Sb3+ ions (4, 
6, 14, IS) or other s2 ions (for instance, Bi3+ 
(3, 16)) and has been ascribed to the prefer- 
ence of the s2 ion for an asymmetric coordi- 
nation (17, 18). 

Decay time measurements. For all com- 
positions the observed decay curves were 
not purely one-exponential. This stems 
from the fact that the observed curves are 

superpositions of four individual decay 
curves arising from each of the four Sb3+ 
centers. A four-exponential fitting proce- 
dure, however, yielded physically unrealis- 
tic values. As mentioned already under In- 
troduction, there is evidence that the two 
sites with inversion symmetry are very sim- 
ilar, while the same holds for the other two 
sites (10, ZZ). Therefore, a two-exponential 
fitting procedure seems more appropriate 
and leads indeed to acceptable parameter 
values for Sc(P03)3-Sb3+ and Lu(PO&- 
Sb3+. 

It turned out that for Gd(P03)3-Sb3+ the 
best-fitting result could be obtained from a 
one-exponential fit indicating that the dif- 
ferences between the two pairs of Sb3+ cen- 
tra in Gd(P0,)3 are too small to cause a 
well-observable difference in the decay 
times. This runs parallel with the consider- 
ation of the spectra given above. 

The decay times as a function of temper- 
ature were fitted to the well-known three- 
level scheme (29,20) resulting in acceptable 
fits for Sc(PO&-Sb3+ and Lu(P03)3-Sb3+ 
(two-exponential decay; see Fig. 3) and for 
Gd(PO&-Sb3+ (one-exponential decay). 
The obtained values for the fitting param- 
eters, r. , the decay time of the forbidden 
3Po + ‘So transition, q , the decay time of 
the spin-orbit allowed 3P, + ‘So transition, 
and AE, the energy difference between the 
3P1 and 3P~ relaxed excited states are shown 
in Table III. 
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FIG. 3. Decay times versus temperature for the two 
pairs of Sb3+ centra in Lu(PO~)~. Drawn lines repre- 
sent the best fits to a three-level scheme. See also text. 

For s* ions it is generally found that AE 
decreases for increasing values of the 
Stokes shift (4, 14, 15, 22). This has been 
explained in terms of quenching of the spin- 
orbit interaction by the Jahn-Teller effect 
(22). A comparison of Tables II and III re- 
veals that this trend is also observed for Ln 
(PO&-Sb3+ (Ln = SC, Lu, Gd). This im- 
plies that a Jahn-Teller effect is acting on 
the excited state of the Sb3+ ions, although 
this is not observable in the spectra. The 
emission spectra show only one band, and 
a doublet structure in the excitation spectra 
is only found at low temperatures for 
Sc(P03)3-Sb3+. Because the Jahn-Teller 
splitting of the ‘So + 3P1 excitation band is 
expected to increase at increasing tempera- 

ture, and because no structure is observed 
in the excitation bands of Lu(P03)3-Sb3+ 
and Gd(PO&-Sb3+, we ascribe the ob- 
served doublet shape to the influence of the 
different sites and not to the Jahn-Teller 
effect. 

3.2. Y(P03)3-Sb3+ 

Spectra. The samples showed a bright 
bluish luminescence under UV excitation 
with a quantum efficiency of about 70% (at 
300 K). The luminescence properties of 
Y(P03)3-Sb3+ are more complex than those 
of Ln(PO&-Sb3+ (Ln = SC, Lu, Gd). The 
emission spectra of Y(P03)3-Sb3+ are 
shown in Fig. 4 for excitation wavelengths 
245 and 260 nm. At 6 K both spectra consist 
of one band with its maximum around 410 
nm (24,400 cm-‘). For higher temperatures 
(20 K < T < 160 K) the emission consists of 
two bands with maxima at about 415 nm 
(24,000 cm-‘) and 500 nm (20,000 cm-l), the 
latter band being preferably excited at 260 
nm. At still higher temperatures (T > 160 
K) the emission consists of a very .broad 
asymmetric band with its maximum around 
450 nm (22,200 cm-l). Up to room tempera- 
ture no temperature quenching is observed. 

Figure 5 shows the excitation spectra of 
Y(P03)3-Sb3+ for emission wavelengths 
400 and 500 nm. For emission wavelength 
400 nm, the excitation at 5.5 K consists of a 
broad band with its maximum between 250 

TABLE III 

DECAY TIME PARAMETER VALUES OF Sb3+ IN Ln(P03)3 (I% = SC, Lu, Gd) OBTAINED BY FITTING THE 
DECAY TIMES AS A FUNCTION OF TEMPERATURE TO A THREE-LEVEL SCHEME 

Composition To b-4 71 (WJ AE (cm-‘) 4 b-4 7; (PS) BE’ (cm-‘) 

Sc(P03),-Sb3+ (2 exp) 720 2 20 0.7 _’ 0.2 45 * 2 320 f  20 0.6 c 0.4 39 + 5 
Lu(PO&-SbS+ (2 exp) 960 2 20 0.8 f  0.2 39 ” 2 340 2 20 0.2 k 0.1 41 2 4 
Y(P03),-Sb3+ (2 exp) 1040 f  40 423 30 f  5 400 * 30 7k5 17 ? 4 
Y(PO,),-Sb3+ (1 exp) 920 + 20 2k2 37 f  4 
Gd(POj)3-Sb3+ (1 exp) 1260 It 20 2.0 f  0.5 32 + 1 

Note. The decay times are obtained by fitting the experimental decay curves to a one-exponential (1 exp) or to 
a two-exponential fit (2 exp). See also text. 
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FIG. 4. Emission spectrum of Y(PO&-Sb’+ for A,,, = 245 nm (a) at T = 6 K (-), 70 K (...), 140 K 
(-.-.-), and 270 K (---) and for A,,, = 260 nm (b) at T = 6 K (-), 5.5 K (...), 70 K (-.-.-), and 260 K (---). 
All spectra are normalized. 

nm (40,000 cm-r) and 235 nm (42,500 cm-r). 
At higher temperatures (20 K < T < 150 K) 
the lower energy part of the excitation band 
vanishes and the excitation maximum is at 
about 235 nm. For temperatures above 150 
K the broad excitation band reappears. 

For emission wavelength 500 nm, the ex- 
citation band between 20 and 150 K con- 
sists of a doublet with maxima at about 255 
nm (39,200 cm-‘) and 235 nm (42,500 cm-‘). 
At higher temperatures the excitation con- 
sists of a broad band with its maximum be- 
tween 235 and 250 nm. For emission wave- 
length 450 nm (T > 150 K) the same broad 
excitation band is found. 

As for Ln(PO&-Sb3+ (Ln = SC, Lu, Gd) 
the excitation bands are ascribed to the 
‘So -+ 3Pr transition and the emission bands 
to the 3Pl,o + ‘So transition. The observed 
emission and excitation spectra will be su- 
perpositions of the emission and excitation 
bands of the different Sb3+ centers in 
Y(PO&-Sb3+. They are independent of the 
Sb concentration and of sample preparation 
(see Section 2.1). Therefore, the occur- 

35 i0 
E llO:ni') 

FIG. 5. Excitation spectrum of the emission of 
Y(PO&-Sb3+ for A = 400 nm (a) at T = 5.5 K (-), 
60 K (-.-.-), and 20& (---) and for A,, = 500 nm (h) at 
T = 43 K (---), 78 K (-), 160 K (-.-.-). All spectra are 
normalized. The emission wavelengths are selected 
using a cut-off filter (A,, > 360 nm) and band-pass 
filters (380 < A,, < 420 nm (a); 480 < Aem < 520 nm 

rence of several emission bands cannot be @I). 
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ascribed to clusters or pairs of Sb3+ ions or 
to energy transfer from one center to an- 
other (there is no overlap between the emis- 
sion and excitation bands). 

The only satisfactory way to explain the 
observed spectra is to assume that the 
Jahn-Teller effect is acting on the relaxed 
excited state (RES) of some of the Sb3+ 
centers. The Jahn-Teller effect has often 
been observed for mono- and divalent s2 
ions in alkali halides (I, 23), as well as for 
Sb3+ in LnP04 (Ln = SC, Lu, Y) (5, 6), and 
may lead to two different minima on the 
adiabatic potential energy surface (APES) 
of the 3P RES. These minima arise from the 
interaction of the orbital triplet state with 
local vibrational modes and give rise to two 
emission bands, the intensity ratio of which 
is strongly temperature dependent. It is 
well known that the occurrence of two 
kinds of minima on the APES of the 3P RES 
depends critically on the balance between 
several factors, among others the spin-orbit 
coupling and electron-lattice interaction (I, 
15,23). Small changes in some of these fac- 
tors might be the reason that for ,CXZ(PO~)~- 
Sb3+ (Ln = SC, Lu, Cd) only one kind of 
minimum occurs. In addition, it should be 
taken into account that small changes in the 
emission from one or two sites will be ob- 
scured by overlap with the emission from 
the other sites. 

The coordination of Sb3+ at the different 
sites in Y(P03)3 can be compared to that of 
monovalent s2 ions in alkali halides in 
which the ,s2 ion is octahedrally coordi- 
nated by the halide ions. All four sites in 
Y(PO,), provide a six coordination by oxy- 
gen ions. Two of these sites possess inver- 
sion symmetry and are actually rather close 
to Oh symmetry. This makes it plausible 
that the 3P levels of Sb3+ ions at these sites 
are distorted by the Jahn-Teller effect. 

From Fig. 4b it is clear that the Sb3+ cen- 
ters for which the Jahn-Teller effect (JTE) 
is observed show two emission bands with 
maxima at about 415 nm (24,000 cm-‘) and 

500 nm (20,000 cm-‘). At 6 K only the 415- 
nm emission is observed. At higher temper- 
atures (T > 20 K) the other minimum be- 
comes thermally populated leading to 
emission at 500 nm. The same features are 
observed in Fig. 4a, although less clearly 
than in Fig. 4b. Apparently, these double- 
minimum JT-active Sb3+ centers are more 
efficiently excited in the lower energy part 
of the excitation spectrum. The emission of 
the Sb3+ centers for which the JTE does not 
lead to two minima on the APES of the 3P 
RES, consists of only one band with its 
maximum at about 415 nm. This band over- 
laps with the higher energy emission band 
of the double-minimum JT-active centers. 

Unfortunately, it is not possible to distin- 
guish between the excitation spectra of the 
double-minimum and single-minimum Sb3+ 
centers at 6 K. However, for the tempera- 
ture region in which the 500-nm emission 
band has a high intensity, the excitation 
spectra of these centers can be distin- 
guished to some extent (compare Figs. 5a 
and 5b for 20 K < T < 100 K). Figure 5b 
shows that the ‘So + 3P, excitation band of 
the double-minimum centers consists of a 
doublet. This doublet structure must be 
found for s2 ions on which the Jahn-Teller 
effect is working (24, 25) and supports our 
assumption that the occurrence of several 
emission bands must be ascribed to the 
JTE. 

The maxima of the emission bands of s2 
ions with a double minimum in the RES 
shift with temperature due to the asymme- 
try of these minima (6, 23). This leads for 
high temperatures (T > 160 K) to the obser- 
vation of one broad emission band, which is 
a superposition of the emission bands of all 
Sb3+ centra (Fig. 4). 

It is interesting to note that for the dou- 
ble-minimum Sb3+ centers the extra emis- 
sion band is found at 500 nm, since the posi- 
tion of the emission band at 415 nm 
corresponds to the positions of the single- 
minimum emission bands of Ln(P03)3-Sb3+ 
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(En = SC, Lu, Gd). According to Fukuda 
(23), the higher energy emission band can 
be ascribed to AT emission and the lower 
energy emission band to Ax emission. This 
is in agreement with monovalent s2 ions in 
rocksalt-structured alkali halides. For Ln 
P04-Sb3+ (Ln = SC, Lu, Y), in which Sb3+ 
is eightfold coordinated by oxygen atoms, 
this situation is reversed (6) in agreement 
with CsBr-In+ and CsI-In+ in which the s2 
ion is also eightfold coordinated (26). 

Decay time measurements. Only decay 
times of the 415nm emission band could be 
measured. The SOO-nm emission band ap- 
pears at temperatures above 20 K, where 
the decay times are already too short to be 
measured. In comparison with Ln(P03)3- 
Sb3+ (Ln = SC, Lu, Gd) the decay curves 
showed an intermediate behavior: neither 
the one-exponential nor the two-exponen- 
tial fitting results were completely satisfac- 
tory. This is in line with the radius of the 
Y3+ ion, viz. 0.900 A (23), which is in be- 
tween that of Lu3+ and Gd3+ (see section 
3.1 and Table II). The decay times obtained 
by both the one-exponential and two-expo- 
nential fitting procedures were fitted to a 
three-level scheme (19, 20). The results are 
given in Table III. 

3.3 La(P03)3-Sb3+ 

The La(P03)3-Sb3+ samples showed a 
bluish luminescence under UV excitation 
with a quantum efficiency of only some 
10% at 300 K. In this composition only one 
site is available for the Sb3+ ion. As a con- 
sequence the emission and excitation bands 
are narrower than in the case of LTZ(PO~)~- 
Sb3+ (Ln = SC, Lu, Y, Gd) as mentioned in 
Section 3.1. 

The emission consists of one band with 
its maximum at 455 nm (22,000 cm-i). The 
maximum of the excitation band is found 
at 240 nm (41,500 cm-‘). Temperature 
quenching is observed for temperatures 
above 240 K. A weak emission around 330 

nm is ascribed to Ce3+ which is a common 
impurity in the starting compound Laz03. 

The emission band is assigned to the 
3P1 + ‘So transition (or the 3P0 + ‘So transi- 
tion at low temperatures), while the excita- 
tion band is assigned to the ISa --;, 3Pi transi- 
tion. The Stokes shift amounts to 19,500 
cm-l. This large Stokes shift can be ex- 
plained by the large space available for the 
Sb3f ion (18). Comparable Stokes shifts are 
observed for LaB03-Sb3+ (4) and for Sb3+ 
in calciumhalophosphate (12). 

The decay curves of the 455-nm emission 
band were clearly one-exponential, reflect- 
ing that only one Sb3+ center is present. 
The decay times could well be fitted to a 
three-level scheme yielding a 3P0 + ‘So de- 
cay time (Q) of 690 * 10 ps, a 3PI + iSo 
decay time (7,) of 1.6 f 0.3 ps, and an en- 
ergy difference between the 3P1 and 3P~ lev- 
els (AE) of 30 ? 1 cm-‘. This small AE 
value is in line with the large Stokes shift. 
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