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NOTE 

The Luminescence of the High-Pressure Modification of Gallium 
Niobate (GaNb04) 

The luminescence of the high-pressure wolframite modification of GaNbO, is reported. It differs from 
that of the atmospheric pressure phase. The infrared spectra are also different. The spectra present 
evidence for a slight amount of disorder in the wolframite modification of GaNbO,. 

1. Introduction 2. Experimental 

The crystal structure of GaNbO, at atmo- 
spheric pressure has been found to be of the 
AlNbO, type (1). It is monoclinic with all 
cations in octahedral coordination. Re- 
cently Tamura et al. (2) have reported a 
high-pressure modification of GaNbO, 
which is of the wolframite type. 

The preparation of the hp sample has 
been described in Ref. (2). Due to the 
preparative conditions, the sample is light 
gray. The performance of the optical mea- 
surements is the same as that described 
before (6). 

The luminescence properties (and also 
the vibrational spectra) of GaNbO, at stan- 
dard pressure have been reported by Blasse 
and ‘t Lam (3). They were shown to be 
determined, in large part, by the complex- 
ity of the crystal structure. 

3. Results 

Materials with wolframite structure are 
well known for their luminescence. Out- 
standing examples are MgWO, and CdWO, 
(4). The wolframite structure can be con- 
sidered as a superstructure of the a-PbO, 
structure. Other ordered variants also show 
efficient luminescence, e.g.., MgNb,06 and 
CaNb,06 with columbite structure (1: 2 su- 
perstructure in a-PbO,) (5). It seemed in- 
teresting, therefore, to investigate the lumi- 
nescence of the high-pressure modification 
of GaNbO, and to compare the results with 
those known for other wolframites. The 
luminescence properties of the high-pres- 
sure phase (hp) are different not only from 
those of the standard-pressure phase (sp) of 
GaNbO,, but also from those of other com- 
pounds with wolframite structure. 

The sample of GaNbO, (hp) does not 
luminesce at room temperature. Below 100 
K, however, a blue-green emission of me- 
dium efficiency occurs. Emission and exci- 
tation spectra at LHeT reveal an excitation 
band peaking at about 270 nm and a corre- 
sponding emission band with a maximum 
around 465 nm. Excitation into the tail of 
the excitation band yields an emission at 
somewhat longer wavelengths. It turns out 
that there is an additional, weak excitation 
band at about 295 nm. Excitation into this 
band gives an emission band peaking at 
about 485 nm. Because these additional 
bands overlap the main bands, a further 
study is difficult. However, it seems quite 
certain that (a) the longer-wavelength exci- 
tation band corresponds to a weak absorp- 
tion band and (b) energy transfer from the 
main emission center to the additional 
emission center is, at least at LHeT, not 
very efficient. These results are summa- 
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rized in Table I, where they are compared 
with some relevant literature data. 

The infrared spectrum of GaNbO, (hp) in 
the Nb-0 stretching frequency region is 
situated at much lower frequencies than 
that of GaNbO, (sp). Using an approxima- 
tion similar to that applied in Ref. (3), we 
find for vl, 950 cm-1 (sp) and 770 cm-1 (hp); 
and for Ye, 805,680, and -500 cm-1 (sp) and 
-640, 570, and 480 cm-l (hp). The values 
for the sp phase are very high and have 
been related to the lack of local charge 
compensation in the sp crystal structure 
(3). The values for the hp phase are much 
more in line with values observed for other 
niobates (7). Finally, we note that the infra- 
red spectrum of the hp phase is very broad. 

4. Discussion 

As is to be expected, the luminescences 
of the sp and hp modifications are different. 
It is well known that the crystal structure is 
of large importance for the luminescence of 
centers’like the niobate group (10). This has 
also been observed in the case of the sp and 
hp modifications of LiZnVO, (6), where the 
luminescent center (the vanadate group) is 
similar to the niobate group. The analogy 
between the luminescences of GaNbO, (hp) 
and MgNb,Os is striking (see Table I), but 

not unexpected. Their crystal structures 
are very similar, both being ordered vari- 
ants of the a-PbOz crystal structure which 
contain zigzag chains of niobate octahedra. 
The tungstate wolfram&es yield a similar 
picture, although the spectra are somewhat 
shifted to lower energy (Table I). 

The quenching temperature of GaNbO, 
(hp), however, is much lower than ex- 
pected for this type of crystal structure; 
MgNb,O@ (5), MgWO, (4), and CdWO, (8) 
all have their quenching temperature above 
room temperature. One factor of impor- 
tance may be the gray color of the sample 
which will certainly influence the quench- 
ing temperature (and especially the 
efficiency) in a negative way. The same 
gray color was observed for the hp phase of 
LiZnVO*, which nevertheless showed lu- 
minescence up to room temperature (6). 
As will be shown now, there may be an 
additional reason for the low quenching 
temperature. 

Compounds like tungstates and niobates, 
upon careful examination, often show an 
additional emission and excitation band at 
an energy somewhat lower than the main 
emission and excitation band (see e.g., Ref. 
(IO)). The additional spectra are due to 
luminescent centers near defects in the 
crystal structure, for example, an oxygen 

TABLE I 
SURVEY OF LUMINESCENCE PROPERTIES OF GaNbO, (sp AND hp) AND SOME RELATED COMPOUNDS 

Compound 
Crystal 

structure 

Maximum Maximum 
emission excitation 

band” band” 
Mm) (nm) Temperature Reference 

GaNbO, (sp) 
GaNbQ (hp) 
MtW,Q 
MgWO, 
CdW$ 
LiNb,O, 

AlNbO, 
Wolframite 
Columbite 
Wolframite 
Wolframite 
LiNb,O, 

(420+)460 
465(+485) 
-460 
=495 
490(+ 570) 

485 

25q+ 270) 
27q+ 295) 
-270 
-300 
3oq+ 355) 

295 

LNT 
LHeT 
300 K 
300K 
LHeT 
LHeT 

(3) 
This work 

(3 
(4) 
(8) 
(9) 

a Additional bands in parentheses. 
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vacancy in the case of CdWO, (8) or com- 
plete defect regions as in the case of 
GaNbO, (sp) (3). In the latter compound 
the “additional” emission band even domi- 
nates the “main” emission band. These 
centers have usually lower quenching tem- 
peratures than the undisturbed centers. If 
energy transfer from the undisturbed cen- 
ters to the defect centers occurs, a low- 
temperature quenching of the luminescence 
is observed, as was the case for GaNbO, 
@PI. 

Our sample of GaNbO, (hp) shows also 
an additional emission and excitation band. 
It is striking that these bands coincide with 
the corresponding bands of LiNb,O, (see 
Table I). The crystal structure of LiNb,O, 
can be considered as an ordered variant of 
GaNbO, by replacing 2Ga3+ by Li+ + Nb5+ 
in an ordered way. It has been shown that 
the luminescence spectra of LiNb,O, are 
due to the niobate group replacing the gal- 
late group. The luminescence of this group 
has a low quenching temperature, which 
has been discussed in Ref. (9). It is obvious 
to assume that the hp phase of GaNbO, is 
not completely ordered so that a certain, 
low concentration of niobate groups on 
gallate group sites is present. These groups 
are then responsible for the additional spec- 
tra. The quenching temperature of the lumi- 
nescence of GaNbO, (hp) may be deter- 
mined by energy transfer at a certain 
temperature from the ordered to the disor- 
dered niobate groups yielding a low 
quenching temperature, as observed for 
LiNb,O*. The broad features of the infrared 
spectra sustain a slight amount of disorder 
in the GaNbO, (hp) modification. 

This agrees with a general observation 
that a charge difference of 2 is not always 
high enough to obtain completely ordered 

superstructures. Whereas MgWO, seems to 
be an ordered variant, GaNbO, (hp) is a 
slightly disordered and ZrTiO, (I I) a disor- 
dered variant of the a-PbO, crystal struc- 
ture . 
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