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Use of preformed sols in the synthesis
of luminescent lanthanide ion-doped yttria
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Luminescent erbium-doped yttria powders were directly synthesized from commercially
available colloidal yttria preformed sols, after heating at temperatures up to 1200°C. The
materials characterization and luminescence properties are described. Differences with
analogous preparations employing preformed alumina sols are mentioned.
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1. Introduction scanning electron microscopy (SEM), X-ray diffraction
Lanthanide ion doped nanocrystalline®s is an ef-  (XRD) and diffuse reflectance infrared Fourier trans-
ficient luminescent phosphor [1, 2]. Traditional sol-gel form spectrometry (DRIFTS).

methods for the preparation 0b®; utilize high-purity Powder X-ray diffraction patterns were recorded in
metal alkoxide precursors [3], or the nitrate aqueoughe range 2 =10-80, using a Philips Xpert X-ray
route [4]. We report herein the characterization and firstliffraction system, with Cu-k radiation. The tube
luminescence study of this doped material prepared byoltage and current were 40 kV and 55 mA respec-
a new technique from a commercially-available pre-tively. The results were compared with library spec-
formed sol. The use of preformed sols in synthesizingra from the JCPDS Database, and also with pow-
sol-gel materials has previously been considered foders prepared from the preformed yttria and alumina
catalytic applications [5], since different preformed solssols. Fourier transform infrared (FTIR) spectra were
with defined particle sizes are commercially available recorded by a Perkin-Elmer Spectrum 1000 instrument,
In addition, we show that the use of these colloidal-scaleither in the absorbance mode, using samples dispersed
building blocks provides a rapid, easy and inexpensivén KBr discs; or in Kulbelka-Munk Units, from sam-
method for synthesizing luminescent materials>*Er ples dispersed in KBr (3% by mass), using the PE
was chosen as dopant ion due to its well-characterizeBRIFTS Accessory. For the latter, 100 scans between
energy level scheme and efficient luminescence prop400—4000 cm! were averaged. The resolution was set
erties, which have previously been exploited in optical-at 4 cnTt. Room-temperature luminescence and exci-

fibre and waveguide applications [6]. tation spectra of powders were recorded by a SLM
Aminco 4800C spectrofluorometer (SFM) at room tem-
2. Experimental perature, with a resolution of 5 nm. Scanning elec-

Y ,05 sol obtained from PQ Corporation, USA, as 1495 tron micrographs were obtained from gold- or graphite
colloidal Y03 dispersed in acetate solution at pH 7. coated samples using a Jeol 820 Instrument. Energy-
The nominal particle size was listed as 10 nm so thafliSpersive X-ray analysis was used to identify the com-
this sol is further abbreviated as 1835. Al,O3 sol was positions of Y, Al and Er individual particles, or to map
obtained from Vista Chemical Company, USA, as Ca_th_e conce_ntrations over a selected area and compare
12% colloidal dispersions in nitric acid. The particle- With the direct SEM image.

size distributions of the sols were measured by a Coulter CHN-analyses of powders were performed upon
N4+ particle size analyzer. The preparation ofthéEr  1-10 mg mass of samples using a Vario EL CHN
doped single oxide was performed via the mixing ofAnalyzer equipped with an autosampler. EDTA was
the preformed 10¥03 sol colloidal dispersion, the ap- Used as calibration standard.

propriate amount of Er(N§)s; solution, together with

about 1% by mass of the the gelation catalyst 1.0 M3. Results and discussion

HNOs. An opaque gel formed after about 1 hour. ThisThe manufacturer’s specifications for the developmen-
was followed by a vacuum oven treatment (8) 4 h)  tal 10Y,03 preformed sol listed a particle size of 10 nm.
and a series of higher temperature heat treatments (&ur measurements by photon correlation spectroscopy
110, 400, 1000 and 120@, 8 h). The resulting prod- (Fig. 1) showed that the mean particle size of the yttria
ucts were white powders, which were characterized byol was rather smaller: 2.54 nm (s.d. 0.52 nm). SEM
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Figure 1 Particle size distribution of 10003 preformed sol.

micrographs were taken of203: Er** samples with

1 to 2 mol% Ef* dopant concentration, which had
undergone heat treatment at 4@ and at 1000C.
The particle sizes of the irregular-shaped microcrys-
tals ranged from 0.3 to 60m for the sample treated
at 400°C, and from 1 to 20@m for that heated at the
higher temperature. Fig. 2a shows a large particle for
a sample heated to 100G, and the yttrium and er-
bium density mappings are shown in Fig. 2b and c re-
spectively. The EY" ions are observed to be randomly
distributed in the material without clustering.

Y203 crystallizes in the cubic space group 1a3, with
the Y3+ ions occupying two distinct sets of sites [7]. Re-
cently, however, it has been shown thaDg nanoparti- -
clesinthe range 4 to 20 nm crystallize inthe monoclinic - (C)
phase [1]. The results of our powder diffraction pat-
terns show an amorphous phase for the sample heated .. .
to 400°C (Fig. 3a), but the ¥O3 : Er** sample heated s
at 1000°C gives a powder pattern matching the cubic
Y ,03 reference (Fig. 3b and c).

Chemical (CHN) analysis of severab®; gel prod-
ucts heated at 1@ showed that they contained
13.6+0.3% by mass C, and 3.2%H by mass. These
analyses suggest that the composition of this material
is similar to that of a nearly equal mixture of,®3
and Y(CHCOO), with xH20, (x between 2 to 3).
Th-e DRIFTS spectra of the sample heat-ed at'o igure 2 SEM micrographs of ca. 40m particle of YoO3 : Er** product
.(Flg. 4) showthe presence of broad stretching and be.n({l_zr3+ concentration 1.0 mol%) after 100C heat treatment: (a) digital
ing modes due to hydrogen-bonded water/hydroxidgnage, (o) yttrium and (c) erbium density mapping.
groups, together witle(C=0) andv(C-O) stretching
modes of acetate groups. The compositional chang&gipyted to quenching via nonradiative energy transfer
in the gel were conveniently followed by DRIFTS g water/hydroxide ion multiphonon modes. The inten-

(Fig. 4), following the heating processes. Acetate bandgity was much stronger for samples heated at @00
are absent from the spectrum of the powder heated tpjg 5 shows the relative emission intensities of the

400°C, butthe broad water/hydroxide group bands Per{green)2Hyy/2,4Ss/» — 41152 emission at this tem-

sist even for samples heated at 1000 These bands perature, as a function of dopant ion concentration.
are absent from the spectrum of the sample heated ghe maximum intensity of emission was found for the
1200°C, which matches the infrared transmission specq mol9s EF+ dopant ion concentration. The quench-

trum of cubic Y03 [8], with the Y-O stretching mode  jg effect at higher concentrations is attributed to the

at 561 C”Tl_- ~ cross-relaxation process:
The luminescence of Br-doped %05 has previ-
ously been reported [9] and rationalized [10]. In our 2H11/2,%Sg/2 (ion 1)+ #1152 (ion 2)

preliminary experiments we have investigated the rel-
ative emission intensity of our products under 385 nm
excitation, as a function of Bt dopant ion concentra- which has also been observed in YAG *Ef11].

tion. The samples of Bt -doped yttria heated at 12C We have conducted analogous preparations and
and 400°C exhibited extremely weak luminescence, at-characterization of properties for ¥rdoped AbO;

— 4132 (ion 1)+ *lg/2 (ion 2)

2254



60

(a)
a0t
@
5
S
20
0
wf (b)
600 |-
®
5
Saoo}
200
0‘
' ()
B L
5
3
.| ‘I b |‘I.|.| yoo 0l

40
26 /degree

60 80

Figure 3 X-ray diffraction powder patterns for a sample of the
Y,03: Er* product heated at (a) 400 and (b) 1000C. The library
spectrum for cubic ¥Os from the JCPDS Database is shown in (c).
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Figure 4 DRIFT spectra of ¥O3 samples after heating to various
temperatures.

powders prepared from alumina preformed sols of nom-
inal particle sizes between 50 to 415 nm. DRIFTS%
showed phase changes for samples heated frorh@.10

to 1000°C, from boehmite toy-Al,Os;. However,
Ertt-doped samples heated at 10@0 were non-
luminescent. Kurokawat al. [12] have recently syn-
thesized luminescent Er-doped AbOs films by the

sol-gel process for dopant ion concentrations as large,
as 15 mol% Ett. Since our DRIFTS spectra indicate
the presence of hydroxide ion groups even for samples
heated at 1000C, presumably nonradiative quenching
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Figure 5 385-nm excited luminescence spectra between 500-600 nm of
Y,03: Ert products (1-5 mol% Ert) heated at 1000C.

Y0z is a suitable, high conductivity host for doping
with rare-earth ions. However, conventional prepara-
tions from the melt are difficult since the melting point
is above 2400C [13]. Bulk Y,03 samples doped with
Er3* have alternatively been prepared by mixingOg
with Er,Os, pressing the powders into pellets under
10 tons of pressure, and then firing in air for 24 hours
[14]. The present method of preparation offers a lower-
temperature route.
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