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The laminescence of BJrri(P04)2 is described_ The ycllo~r emission is due to titmnte octahedra. This compound is one 
of the PxceptionaI cases where the octahedral titanate lumincsccnce can be describrd by a simple mod& 

1. Introduction 

The luminescence of tetrahednd and octahedral 
groups consisting of a centud, highly-charged, noble 
gas ion with empty d orbitak and surrounding oxygen 
ions has been studied for many years. Examples are 
the tungstate group in CaWO, [l] and Ba7CaW06 
[2], the niobate group in Cah%206 [3] and the vana- 
date group in WO, [4] _ In these systems one strong 
emission band has been observed which can be ex- 
cited in the optical band gap. Compounds containing 
oct&edraI titanate groups hare always been excep- 
tional because they show several optical transitions 
depending on the excitation wavelength and because 
they show pronounced concentration quenching of 
their luminescence [ 1,6] _ It is the purpose of this 
note to report on the luminescence of BaTi(PO4)2 _ 
This compound shows octahedral titanate lumines- 
cence, but it does not have the exceptional proper- 
ties mentioned above. It is possible to propose the 
reason for this normaI behaviour. 

BaTi(PO4)2 has the monoclinic yavapaiite struc- 
ture [6 7]_ The Tiaf - 

differeit P03- 

IOIE are octahedraIIy coordi- 
nated by oxygen. The six oxygen ions belong to six 

4 groups, so that the titanate octahedra 
are isoIated from each other. The shortest Ti-Ti dis- 
tance is 5.13 A. There is one titanate group per primi- 
tive cell_ 

2_ Experimental 

Samples were prepared as described in refs. [6,7] _ 

They were checked by X-ray analysis_ We restrict our 
report to results obtained for BaTi(PO& and the 
isomorphous BaZru_g5Ti,-,05 (P04)2_ Luminescence 
measuremenrs \\ ere pertormed as described before 

IS1 - 

3. Results 

l3ariutn titanium phosphate, BaTi(P03)2, shows 
a yellow photohuninescence at temperatures below 
100 I;. Fig. 1 shows the emission spectrum and the 
excitation spectrum of the luminescence at liquid 
nitrogen temperature_ The former consists of one 

Fig. 1. Relative excitation spectrum of the yelkx~ emission 
of BaTx(P04)2 at 77 I; (left-hand side, qr: reLti%e quantum 
output) and spectral energy distribution of the emission of 
BaTi(PO& at 77 I; (right-hand side; 320 nm excitation: 
ox: spectrzl radiant power per unit aa%elength interval in 
arbitrary uruts). Note change tn waelen$h scale_ 
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broad band, the tatter of two broad bands_ The Stokes 
shift of the emission amounts to some 1 I 000 cm-‘, 
the energy difference between the two excitaticm 
bands some 7 000 cm- f _ The emission spectrum does 
not depend on the excitation waveiength- 

For the diIuted system BaZr0_95Ti~_p#04)2 we 
observed essentiaIIy the same results, The emission 
band peaks at 510 run. 2%~ emission shows only 
one excitation band which peaks at 315 nm. 

4_ Discussion 

In his extended study on the Iuminescence of ti- 
tanates Macke [5 J was forced to assume the presence 
of different titanate centrzs to explain his results. As 
far as we know BztTi(PO& is one of the few exam- 
ples of compounds with octahedra1 titanate groups 
where such an approach is unnecessary_ The presence 
of one em&ion band with its own excitation spec- 
trum in the diluted as we11 as in the concentrated S~S- 
tern shows clear& that the intrinsic titanste groups 
are responsible for the Iuminescence_ An obvious dif- 
ference, viz the presence of two excitation bands in 
the case of the concentrated system, but one in the 
case of the diluted system, is only an apparent one- 
This is due to the fact that the host lattice absorp- _ 
tion of BaZr(r(pa& overlaps the spectral region where 
the second excitation band is to be expected, as was 
checked by measurement of the diff%e ref?ection 
spectra. Energy trarrsfer from the host lattice to the 
Ti4* activator does obviously not appear_ 

The presence of two excitation bands in the exci- 
tation spectrum of the luminescence of BaTi(PO& 
is ascribed to the non-cubic crystal field splitting of 
the d fevei of titanium_ The site symmetry of the 
Ti4* ion in the yavapaiite structure is Gh. The way 
in which the sty nearest Ps* ions surround the ti- 
tanate group is roughly tetragonal_ We ascribe the ob- 
served splitting to this rougbiy-tetragonal crystal field. 

We note further that the value of the Stokes shift 
is well in line with those for other titan&es 15 J _ This, 
from a fuminescent point of view, simple system 
shows unfartunateiy a rather low thermal quenching 
tempera:_;re_ One of us has argued before that the 
position of the first absorption band of octahedral 

groups like those under discussion seems to determine 
the thermal quenching temperature of the Iumines- 
cence [9] _ A comparison with existing data for lumi- 
nescent compounds with octahedral titanate groups 
[I ,!i J shows that this relation is satisfied also in the 
case of BaTif PO& _ 

The thermal quenching temperature of the tita- 
nate luminescence in the present compounds seems 
to be independent of the titanium concentration- 
This indicates that eneraT migration between the ti- 
tanate groups in BaTi(PO& does not occur. An im- 
portant f3ctor which prevents ener=v transfer will 
be the rehtiveiy farge distance between the titanate 
octahedra in the yavapaiite structure. In most of the 
titanate systems studied before the shortest Ti-Ti 
is considerably less and, in addition, the probability 
of disorder is high (e-g. ordered perovskite, spinef, 
pyrocbIore [5])_ This results in a complicated Iumi- 
nescence behaviour due to the presence of several 
types of titanate octahedra and the possibility of 
energy migmtion among them. The luminescence 
of BaTi(P04)2 shows that such a compiticated be- 
fxwviour is not characteristic of the tiranate octahe- 
dron and that its luminescence can be compared 
directly with those of similar groups as vanadates 
and tungstates. 
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