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The luminescence of the Bi*~ ion (6s?) is studied in the metaphosphates LnP;O, (Ln = Sc, Lu, Y, Gd,
La). For Ln = Sc, Lu, Y, Gd the metaphosphates have a monoclinic structure with four slightly
different sites for the trivalent cations. For Ln = Sc, Lu, Y the Stokes shift of the Bi** luminescence
increased with increasing radius of the host lattice cation. Concentration quenching of the Bi** lumi-
nescence is observed. In the case of GAP,O4-Bi** the excitation energy is transferred to the Gd** ions.
LaP;0, adopts an orthorhombic structure with only one site available for the trivalent cations. The
different coordination of the Bi** ion leads to a large increase of the Stokes shift of the Bi** lumines-

cence. © 1988 Academic Press, Inc.
Introduction

The rare earth metaphosphates LnP;0q
can adopt two different crystal structures,
depending on the radius of the trivalent cat-
ions. The metaphosphates with large rare
earth ions (La**~Nd*") have an orthorhom-
bic structure while those with small rare
earth ions (Sm*"—Lu3", Y3+, Sc**) have a
monoclinic structure (/). The orthorhombic
structure offers one crystallographic site
for the trivalent cation which is coordinated
by eight oxygen ions (2). In the monoclinic
structure four slightly different crystallo-
graphic sites are available for the trivalent
cation which is always coordinated by six
oxygen ions (3).

Recently, we reported on the lumines-
cence of the 552 jon Sb** in LnP;0g (Ln =
Sc, Lu, Y, Gd, La) (4). The luminescence

of Sb** in monoclinic-structured metaphos-
phates (Ln = Sc, Lu, Y, Gd) was strongly
influenced by the Jahn-Teller effect, lead-
ing to a double-minimum potential energy
surface of the 3P relaxed excited state of
Sb** in YP;0,. The difference between the
luminescence properties of Sb** on the four
different sites increased for decreasing ra-
dius of the host lattice cation. For LaP;0s-
Sb3*, which has the orthorhombic crystal
structure, the influence of the Jahn-Teller
effect was found to be much smaller.

Here we report on an extension of these
investigations to the luminescence of the
6s2 ion Bi** in LnP;0q.

Experimental

The samples were prepared as described
in (4). The dopant ion is added as Bi,O,
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FiG. 1. Emission and excitation spectra of the luminescence of Bi*~ in ScP;Ogat T = 6 K (—) and 115

K (~—-). ® denotes the radiant power per constant energy interval in arbitrary units; ¢, gives the
relative quantum output in arbitrary units. All spectra are normalized.

(Merck, p.a.). Luminescence spectra were
recorded using a Perkin—-Elmer MPF-44B
spectrofluorometer equipped with an Ox-
ford Instruments CF 204 liquid helium flow
cryostat.

Results and Discussion

Figure 1 displays the emission and exci-
tation spectra of the Iuminescence of
ScP;04-Bi*" at T = 6 and 115 K. Due to
instrumental limitations the excitation band
cannot be determined accurately. The same
emission band was found for any excitation
wavelength. The broad emission and exci-
tation bands will be superpositions of the
bands arising from the four slightly differ-
ent Bi3* centers in ScP;0y. Obviously, the
difference between these centers is small
because the bands of the different centers
overlap each other almost completely. This
is in line with the results of Sb3* in LnP;0y
(4) and Eu** in GdP;04 (5).

The excitation band is assigned to the 1S,
— 3P, transition. The emission band is as-
cribed to the 3P, — 1§, transition or, at low
temperatures, to the 3Py — 1S, transition.
The Stokes shift amounts to 4500 cm ! at T
= 6 K.

Temperature quenching of the Bi** lumi-
nescence starts at 90 K for a sample with a
weighted-in amount of 1 mole% Bi while for
a sample with a weighted-in amount of 0.05
mole% Bi no quenching is observed up to
300 K. This is explained by concentration
quenching of the Bi** luminescence. Due to
the small Stokes shift the emission and ex-
citation bands of the Bi*" ion have a spec-
tral overlap. For increasing temperature the
spectral overlap will increase due to broad-
ening of the bands. If the Bi** concentra-
tion exceeds the critical concentration for
energy migration among the Bi** ions
(which is related to the spectral overlap),
energy migration occurs and the excitation
energy will be transferred to quenching
centers. This has, for example, also been
observed in the case of Bi** in LnBO; (Ln
= Sc, Lu) (6) and the 5s% ions Sb** in
Cs>NaSbCle (7) and Te** in Cs,TeClg (8).
From Dexter’s formula (9, 10) it can be cal-
culated, using a value of 107'% ¢V ¢cm? for
the absorption cross section (/0) and the
experimental spectral overlap of 0.25 eV ™!
at 90 K, that R., the critical distance for
transfer, is about 26 A. This value results
with Eq. 5 of Ref. (/0) in a critical concen-
tration of x. = 0.02. This is the same order
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TABLE [

SPECIAL DATA ON THE Bi** LUMINESCENCE IN
LnaP:Og (Ln = Sc, Lu, Y, Gd, La) aT4.2 K

Excitation Emission Stokes
Composition maximum maximum shift
ScP;04-Bi*~ ~39,500 35,000 4,500
LuP;0¢-Bi*~ ~41,500 34,600 6,900
Y P,0y-Bi*- ~41,500 34,100 7.400
GdP;0¢-Bi** ~41,500 — —
LaP;0s-Bi*~ ~42,500 21,900 20,600

Note. All values are in cm !,

of magnitude as the weighted-in amounts of
Bi*" suggest.

The luminescence of Bi*™ in LuP;Oy and
YP;0y is very similar to that of ScP;0s-
Bi**. The emission and excitation spectra
consist of one broadband and concentration
quenching is observed. The maxima of the
excitation and emission bands, as well as
the Stokes shifts, are gathered in Table 1.
The Stokes shift increases for increasing ra-
dius of the host lattice cation (/7). This is
generally observed for s ions in inorganic
host lattices and has been ascribed to the
tendency of s? ions to occupy an ‘‘off-cen-
ter’’ position in the ground state (12, 13).

GdP;04-Bi** reveals no Bi*t emission af-
ter excitation at 250 nm. The emission spec-
trum consists of two sharp lines, a strong
one at 32,000 cm ™! (312 nm) and a weaker
one at 31,000 cm~! (322 nm). These lines
are due to Gd** luminescence (°P — 8S)
from which we conclude that energy trans-
fer from Bi** to Gd** occurs. The Bi’**
emission is estimated to be a broadband
around 33,500 cm~! (Table I) which over-
laps the Gd3** 85 — P absorption lines well,
so that energy transfer from Bi** to Gd** is
expected. The same has been observed for,
e.g., GdB;O¢-Bi** (/14). However, for appli-
cation as a commercial phosphor GdP;O04
Bi** codoped with any activator ion is un-
suitable, because it has been observed that
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energy migration does not occur within the
Gd** sublattice (15).

LaP;0y-Bi**, finally, has a much larger
Stokes shift than the other compositions
discussed here. A comparable Stokes shift
has also been reported for LaPO,-Bi** (/6)
and for some concentrated Bi** compounds
like Bi2G€309, Bi4G€3012, and BizALgOt)
(12). Temperature quenching starts at 130
K which is a direct consequence of this
large Stokes shift (concentration quenching
is not possible due to the lack of any spec-
tral overlap). The large Stokes shift of the
emission of LaP;0y-Bi** compared to that
of LnP;0y-Bi** (Ln = Sc, Lu, Y) may not
only be due to the larger host cation radius,
but also to the structural difference.

In conclusion, the Bi** luminescence in
metaphosphates LnP;Oq (Ln = Sc, Lu, Y,
Gd, La) varies strongly with the choice of
Ln and can be explained using existing
models.
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