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In this work, we use the solution precipitation method to synthesiZeé-@ibped yttrium orthophosphate,

which is a green-emission luminescent material. The evolution of hydrated yttrium orthophosphate (YPO
2H,0) to dehydrated yttrium orthophosphate (Y@ observed in the heat-treatment process, simultaneously,
accompanying the structural transformation from monoclinic churchite-type to tetragonal xenotime-type
structure. Furthermore, the luminescent efficiency of*Tthoped YPQ presents a sharp jump at a critical
temperature in this heat-treatment process. Interestingly, this critical temperature is close to the structural
transformation temperature. The remarkable change of luminescent efficiency seems to be related to the
structural transformation. However, the FTIR and fluorescent decay measurements at 10 and 300 K indicate
that the OH group is the origin of luminescent efficiency change: @s with high vibration frequency
provide an efficient means to quench the luminescence. The comparison of the luminescent efficiency, OH
content, and lifetime ofD, of Th3" between two samples with the same crystal structure proves that the
structural transformation has no significant effect on the luminescent efficiency and lifetime. On the basis of
these results, it is proposed that correctly preventing @is inside the host matrix or effectively eliminating

them may improve the luminescent efficiency greatly. This idea also may be applied to other optical systems.

Introduction the solution pH%21We found in our previous repg@fithat the
required phase could not be obtained, as the solution pH value
exceeds 7 in the synthesis of YP®ith solution precipitation
method. This indicated that the optimization of the synthetic
condition is very important in obtaining the desirable phase.
Finally, the synthesis using the wet-chemical route is performed
at room temperature or at a low temperature. In this case, one
can observe structural evolution from a low-temperature phase
0 a high-temperature one as the as-synthesize samples are heat-
teated?®~2% simultaneously, accompanying the property evolu-
tion including optical and electronic propert®&s-urthermore,
in such a low-temperature synthesis, sometimes, metastable
phased materials can be prepared, which cannot be obtained
with use of the high-temperature solid-state reacti®?éJia
et al?® synthesized metastable zircon-type LaM&u nanoc-
rystals at a low temperature using an ethylenediamine tetraacetic
acid (EDTA) assisted hydrothermal method. The reported result
showed the emission intensity of synthesized La\ED with
zircon structure is nine times as high as that of La\ED with
monazite structure that is prepared via the high-temperature
solid-state reaction. In conclusion, the wet-chemical route
efficient and homogeneous incorporation ofEinto the YVO, provide§ us With. many adj_ustable parameters for select_ive
synthesis to obtain the required materials with desirable size,

host matrix by the solution precipitation. Second, the wet- shape, structure, and properties. Besides, the optimization of
chemical route can provide several adjustable synthetic param- Pe, ' prop ' ’ P

eters such as solution 1517 and concentration, and reactive synth(_atic parameters is a key factor in forming the desirable
temperaturt®-19 and time, by adjusting which of the size, shape, materials. ) L ) , ,
morphology, and structure parameters may be well controlled. However, in the synthgss of inorganic Iummescent matenals,
Several research teams have reported that the hydrotherma‘he use of the wetjchemlcal route can usually |ntrodu_ce a certain
method is used to synthesize rare earth orthophosphates, angUMPer of luminescent quenchers such as ~Otdnd

2— 13,24,27,28 H . Lpe
that the different shapes of materials are obtained by changing®Ss” - Such luminescent quenchers have a significant
effect on the luminescent efficiency of synthesized materials.

*To whom correspondence should be addressed. Fag6-431- This work aims at investigating the effect of Otbn the
6176338. E-mail: weihdi@yahoo.com.cn. luminescent efficiency and lifetime of Fb-doped yttrium

Rare earth ion-doped inorganic compounds represent a family
of materials with significant technological importance, and are
extensively used as high-performance luminescent devices,
magnets, catalysts, time-resolved fluorescence labels for biologi-
cal detection, and other functional materials based on the
electronic, optical, and chemical characteristics resulting from
the 4f shell of their iond™> Most of their properties are
dependent on the sizes, shapes, crystal types, and composition%
which are strongly related to the synthetic routes and param-
etersé~1!

In the case of the synthesis of rare earth ion-doped inorganic
compounds, the wet-chemical route is of considerable superiority
over the high-temperature solid-state reaction. First, the doping
of rare earth ions through agueous solution is straightforward,
efficient, and highly homogeneod&:*4 Huignard et al3
synthesized colloidal solutions of well-dispersed YMEu
nanopatrticles by solution precipitation. They determined the cell
volume by refining the tetragonal cell parameter of YMEl
from X-ray diffraction data and found the volume of the unit
cell is linear with respect to the Eu content. This indicated the
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Figure 1. XRD patterns of the as-synthesized sample and those heat- _ - —
treated at various temperatures.. Figure 2. The dependence of luminescent efficiency on the heat-

treatment temperature.
orthophosphate synthesized by solution precipitation. The ]
measurements of FTIR and the fluorescent decay at 10 and 30°hase, all of whose peaks could be well indexed to tetragonal
K provide powerful evidence for the influence of Otén the ~ dehydrated YPQwith xenotime structure and space grdd
luminescent efficiency. Results indicate that OMith high amd(JCPDS File No. 84-0335), is observed. This indicates that

vibration frequency provides an efficient means to quench the the phase transformation from the hydrated ¥Rth mono-

luminescence. clinic churchite-type structure to the dehydrated Y,R@th
tetragonal xenotime-type structure occurs. With a further
Experimental Section increase of annealing temperature up to 6@ it remains

dehydrated YP@with tetragonal xenotime-type structure, but
the intensifying and narrowing diffraction peaks are observed,
indicating crystal growth of YP©Qwith temperature. The above
results indicate that the YRE€H,0 phase is metastable, which
commonly can not be prepared by the high-temperature
" . - synthesis route. Metastable phased materials can usually be
the addition of aqueous ammonia (MPH). After the solution  anared under mild conditions at relatively low temperatére.

was well stired at 5C°C for 3 h white precipitates were  pang ot o1 synthesized the YP{¥ia the hydrothermal method,
obtained; the solution was thgn an_d f|_|ted and the precipitates ), . they did not obtain the metastable YPZH,O. This is
were vl/ashed §everal times with Q(_elonlzed water and then drledprobably due to the fact that the hydrothermal synthesis is at a
at 60 °C in air. The dried precipitates were heat-treated t0 pjgher temperature and at a higher pressure than the solution
various temperatures at a speed of@min in a reducing  recinitation used in this work, which is conducted at &
atmosphere to prevent the oxidation of°Ttand kept at that  zn4 at ambient pressure. Since3Ths located in a different
temperature, for 1 h. . host lattice structure (YP£2H,O and YPQ) and experiences
XRD studies were conducted on a Rigaku D/max-2000 X-ray g gifferent crystal field, the luminescent properties ofTshow
powder diffractometer with Cu & r§d|at|on. Infrared spectra difference, which was reported in our previous watk.
of powders (FTIR) were recorded in the range of 154000 Tb3* has a relatively simple 4f-comfigurational energy level
cm™ on a Fourier .transform spectrometer (Perkin-EImer, gy ctyre: low-energy staf (j = 6, ..., 0) and excited states
Spectrum 1, USA) with a resolution of 1 cth The powder  sp_anqsp,. Generally, with a very low concentration of Tb
samples were mixed with KBr, then pressed into a cylindrical oped into host matrix, the transitions s to ’F; dominate
die. The emission spectrum at room temperature was measuretgnd produce the blue emissicRsAs T+ concentration
with a Hitachi F-4500 fluorescence spectrometer. In the increases, the cross relaxation frés to 5D, occurs due to
measurement of fluprescent lifetime, the samples were put intOTb3+ ion interactior®! which increases the population of the
a liquid-helium-cycling system, where the temperature varied sp, gnergy level, correspondingly enhancing the transitions of
from 10 to 300 K. A 355-nm light generated from the third 5D, to 7F;, which emit a green light. As the ¥ concentration
harmonic generator pumper by the pulsed Nd:YAG laser was reachesj’a high value, the emissions fréy to 7F; almost
used as a general excitation source. disappear, and the emissions fréM, to 7F; dominate. The
concentration of T doped into YPQ@2H,O or YPQ, host
matrix in this work is as high as 6 mol %, thus the luminescence
Figure 1 shows the XRD patterns of the as-synthesized samplecomes from the emissions frof®, to ’F;.
and those heat-treated at various temperatures. It is noted that Figure 2 shows the integrated luminescent intensity of as-
the as-synthesized sample is well-crystallized, and that all of synthesized sample and those heat-treated at various tempera-
the peaks could be well indexed to the monoclinic \RXB,0 tures. One can see that the luminescent efficiency of the sample
with churchite-type structure and space gré2fa (JCPDS File heat-treated at 300C presents an abrupt jump; however, that
No. 85-1842). As the annealing temperature increases to 190of the samples heat-treated below and above this temperature,
°C, a new diffraction peak is observed, as marked by a specific 300°C, have no significant change with temperature. It is worth
symbol in Figure 1. This means that a new phase is involved in mentioning that this critical temperature, 300, is close to
the monoclinic phased YR&2H,0. With a further increase in  that of the crystal structure transformation related to phase
the annealing temperature to 23C, the phase with the  evolution from YPQ-2H,0O to YPQ.. Therefore, it is assumed
monoclinic structure has almost totally disappeared, and a newthat the structural transformation is possibly related to the

Th-doped YPQwas synthesized by a simple wet-chemistry
route. Appropriate amounts of high purity®s and ThO; were
dissolved in concentrated HN@ form Y(NOs); and Th(NQ)3
solutions, to which the appropriate volume ofR®, solution
was added slowly. The final pH value was adjustedt& &y

Results and Discussion
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Figure 3. FTIR spectra of samples a and b.

Figure 4. Log(l)—t curves for samples a and b at 300 K.

remarkable change of luminescent efficiency. But we have no b possess the same crystal structure, but their luminescent
further evidence to confirm this. Also, it is noted that the PO  efficiency and lifetime show a considerable difference. This
2H,0 phase with the monoclinic churchite-type structure has indicates that the crystal structure has little effect on the
been completely transformed to the YP@hase with tetragonal  luminescent efficiency.
xenotime-type structure at 23C, but at which the luminescent What is plotted in Figure 4 is the log¢t curves of the
efficiency does not show a significant change. Therefore, a fluorescent decay for theD,-’Fs transition of TE™ at 300 K.
question is raised: Is there another factor influencing lumines- It is seen that the fluorescent decay curve of sample b, in which
cent efficiency? a considerable number of OHons are removed, almost goes
To answer this question, the FTIR and fluorescent decay with a single line, indicating almost single-exponential fluo-
measurements of the samples heat-treated at 230 anfiC300 rescent decay. However, the fluorescent decay curve for sample
are conducted. For simplicity, the samples heat-treated at 230a, in which a large number of OHions are present, deviates
and 300°C are denoted as samples a and b, respectively, in thefrom a single line, indicating the presence of nonradiative
following description. Figure 3 presents the FTIR spectrum of processes and the fluorescent decay is nonexponential behavior.
samples a and b. The peaks at about 1720 and 2300 anul The nonradiative decay oD, of Th®" should include the
a broad band ranging from 2700 to 3700 ¢rare characteristic ~ nonradiative transition ofD4-’F; and the energy transfer from
of the vibration of OH groups. While the heat-treatment °D,4 to other T ions. The above results indicate that the
temperature increases to 300, the vibration intensity of the  nonradiative transition caused by OHons is a leading
OH group decreases markedly. In fact, Oidns are introduced  contribution to the nonradiative decay processé®gbf Th3",

into the host matrix easily due to the nature of the wet-chemical
route. OH ions originate from two aspects: on one hand, the
synthesis is conducted in the aqueous solutions, and thus OH
ions come from HO; on the other hand, NJ®H is used to
adjust the solution pH in our experiment, and thus Obins
come from NHOH. During the reactive process in the aqueous
solutions, the intense collision of OHons and rare earth ions
creates OH ions coordinated to rare earth ions. As a result, a
certain number of OHions are incorporated into the host matrix

and that the energy transfer frot, of a Tt to another one
can be negligible. Regarding the latter, a similar conclusion was
made in the report by Riwotzki et dg,in which they found
that the lifetime oD, remains unchanged even with a higher
concentration of Th doping in LaRQOb, indicating the absence

of energy transfer fromD,4 of a TB*" to another one. Also, in
that report, they found that the luminescence decaDafof
Th3*-doped CePQprepared at a low temperature by liquid-
phase synthesis deviated from single-exponential behavior,

of as-synthesized sample. As the as-synthesized sample is heatwhich was explained by energy transfer fréBy of Tb®" to

treated to a critical temperature, a quite large number of OH

impurity ions. But they did not ascertain the nature and origin

groups can be removed. Figure 4 shows the fluorescent lifetime of impurity ions. We estimate that those impurity ions are mostly

for the transition ofD4 to ’Fs of Th3* at 300 K. It is seen that

the fluorescent lifetime of sample a is much shorter than that

of sample b. The above results illustrate that Gbhs are the

OH~ ions.
To further confirm whether OHions are the major origin
of luminescent efficiency evolution or not, the fluorescent

major origin of luminescent efficiency change since samples a lifetime of the®D4-"Fs transition at 10 K is measured. It is seen

and b have the same crystal structure. As is well-known; OH
vibration frequency occurs in the broad range of 278000
cm~13233which is much higher than other vibration such as
PO2~. As a result, only a few phonons are required for
nonradiative de-excitation ¢D, state. OH ions, thus, seem
to be very efficient quenchers of the luminescence ot*Tb

that the fluorescent lifetime at 10 K (3.5 ms) is much longer
than that at 300 K (1.87 ms) for sample a. However, for sample
b, there does not exist a significant difference in the fluorescent
lifetime between that at 10 K (3.72 ms) and that at 300 K (3.6
ms). In fact, the lifetime ofD, of Th®*, 7, is dominated by the
radiative transition raté\g, and the nonradiative decay rate,

through multiphonon relaxation. Therefore, the existence of a Wyr, which can be expressedas= 1/(Wr + WiR). Generally,

number of OH groups may well explain both the shorter
fluorescent lifetime and the low luminescent efficiency observed
in sample a. In sample b, a number of Oléns are removed,
and thus the probability of the interaction betweer$ Thnd
OH~ decreases largely due to a low concentration of Qdths
involved32® Therefore, remarkably increasing luminescent ef-

Wi increases remarkably with an increasing temperature, while
Wk has little change with temperatuif®As just discussed above,
the nonradiative decay is dominated by nonradiative transition
through multiphonon relaxation of OHons. As the temperature
is at 10 K, OH ions almost cannot perform the function of
multiphonon relaxation, which explains a longer fluorescent

ficiency and lifetime are observed in sample b. Samples a andlifetime at 10 K for sample a containing a number of Oidns.
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Figure 5. The dependence of OHcontent (a) and the lifetime f&D,-Fs transition of TB™ (b) on the heat-treatment temperature.

Regarding why the sharp increase of luminescent efficiency Therefore, correctly preventing OHons inside the host matrix
occurs at the critical temperature, 300, this needs further  or effectively eliminating them is an efficient means to improve
illustration. Panels a and b of Figure 5 show the dependence ofthe luminescent efficiency.

OH~ content and fluorescent lifetiméd;-"Fs transition at 300
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