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Yb**- and Er®*-doped NaYS,: powder samples were synthesized with solid-state reacting method, and
the near-infrared luminescence characters of Er>* were presented with the spectra obtained following
an excitation at 980 nm or 532 nm, respectively. Exploring dependences of the relative emission
intensities on excited power density, Er>*-doped content and S~ -Re** (Re>* standing for Yb>* or
Er**) charge transfer state, the mechanism of the energy-transfer processes between Yb>* and Er**

would be suggested with a schematic energy-level scheme based on the energy matching conditions.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

It has been well known that the infrared (IR) luminescence of
rare-earth ions (Re>*) is very weak due to upconversion effect,
nonradiative relaxation between narrow levels and low f-f absorp-
tion cross-section. However, Re®>*-codoped phosphors which
shows sufficiently strong IR luminescence under laser excitation
on 900-980 nm have been developed [1] and, specially the near-
infrared (NIR) emissions of Er** at 1540 nm or 808 nm have
attracted much attention in a wide variety of applications such
as planar waveguide amplifiers, plastic lasers and luminescent
probes, and so on in recent two decade years [2-5]. Some work
indicated that Ce>* was able to selectively sensitize the NIR
luminescence with Er®* in the ranges of 1500-1600 nm and
quench the visible upconversion luminescence [6-8] and, by
doping transition-metal ions [9] or introducing organic ligands
[10] into complexes of Er**, the NIR-emitting quantum yield of
Er®* was effectively improved on the basis of energy-transfer
processes. In recent years, based on the energy position of charge-
transfer state (CTS) being related to the element and structure of
hosts [11-15] in the Re®*-doped materials, it was found that the
S2~(sulfur ion)-Yb>* CTS can make it competitive with *Fgj, *Hi1/2
and “Ss, emission of Er* ", decreasing their population and quench-
ing the visible emissions in a Er**-Yb>*-codoped phonon-energy-
low sulfide host [16].

Here, the NIR luminescence characteristics of Er**-Yb3*-
codoped NaYS,: powder material was researched by using the
emission spectra following an excitation, respectively, at 980 nm
or 532 nm at room temperature. By researching the dependences
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of the NIR emission intensities on the excited power density and
the excitation wavelength, a schematic energy-level scheme was
used to well explained the energy-transfer processes in the Re>-
doped material with the S>~-Yb3* CTS based on the energy
matching conditions.

2. Experiments

The synthesis of NaYS,: 0.20Yb>*, 0.03Er>*powder sample
was based on a co-precipitation method and a calcining procedure
[6]. The original materials, such as YCl;-6H,0, YbCl;-6H;0,
ErCls-6H,0, and Na,S were all analytical reagents. First, by
4Na,S+2YCl3 =2NaYS, + 6Nadl, stoichiometric YCl5 - 6H,0, YbCls -
6H,0 and ErCls - 6H,0 was dissolved together in distilled water at
room temperature to form clear solution, and Na,S (10% over-
weight) was dissolved in other a beaker. Then the two solutions
were mixed to form colloidal solution while stirring with a
magnetic stirrer. The solution was concentrated by using electric
cooker and the remainder was dried at 150 °C for 3 h. After
calcined at 1000 °C for 2 h in a sulfur atmosphere, the powder
sample was obtained

XRD analysis was carried out with Rigaku RU-200b powder
diffractometer using Ni-filtered CuKa radiation with 1=0.15406 nm.
Emission spectra were recorded with Triax550 spectrometer from JY.
All measurements were performed at room temperature.

3. Results and discussion

First, the XRD pattern of NaYS,:0.20Yb>*, 0.03Er>* sample is
displayed in Fig. 1 at room temperature, which shows a rhombohedral
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NaYS, phase with the space group R3m comparing with the standard
data of NaYS, crystal (JCPDS 46-1051).

Fig. 2 displays the emission spectra of NaYS,:0.20Yb>™,
0.03Er®>* powder following an excitation at 980 nm with different
excitation power, respectively. It is obvious that the emission
spectra are very different from that in Er>*-Yb3*-codoped oxide
[17] or fluoride [18] hosts. As shown in Fig. 2, the NIR emission
at 830 nm is broadened and the most prominent one in Fig. 2(a).
Comparing Fig. 2(a) with (b), the phenomenon can only be
maintained under correspondingly the low excitation power. At
the same time the visible emission from %S/, and *Hy1jp— *lisp
is always weak and the emission intensity of *Fojz—*lis and
4113/2—>4[15/2 shows an increase with increasing the excitation
power, respectively.

Fig. 3 shows the emission spectrum of NaYS,:0.20Yb>™,
0.03Er>* sample following an excitation at 532 nm. As shown in
Fig. 3, a monospectral NIR light-emitting due to the radiation
transitions from “loj —“l;s» is identified. Comparing with the
spectra in Fig. 2, only prominent band-narrower luminescence in
the ranges of 800-820 nm is obtained under the excitation at
532 nm while the emissions, such as the visible radiation transi-
tions of *Ss;, — 1152, “Foja— *I15/2 and the NIR radiation transition
of 4113/2—>4I15/2 are missing.

To understand the mechanism of the NIR emissions and the
energy-transfer processes between Yb®* and Er’* in NaYS,:
0.20Yb>*, 0.03Er** powder, a schematic energy-level diagram is
proposed based on the features above. It is suggested that the effects
of S>~-Yb>* CTS would play a key role in the NIR luminescence of
Er3* in NaYS,:0.20Yb?>*, 0.03Er>* sample.

As described in Fig. 4, the “F7, level of Er** could be primarily
populated by absorbing two 980-nm photons with the energy-transfer
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Fig. 1. XRD pattern of NaYS$,:0.20Yb>*, 0.03Er** and standard NaYS, sample.
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processes from Yb>* to Er>*, simultaneously making the S>~-Er**
CTS done because the “Fy, level is covered with the S*~-Er** CTS
here. Then 453/2 level can be populated with nonradiative relaxation
process from S*~-Er** CTS to 2Hpp to “Ssp. And further the
nonradiative relaxation process from “Ssp to S*Er** CTS to “lop
could occur with the interaction between Er** and Yb®* and the
S?~-Yb** CTS, leading to the “lo, being populated last. As shown in
Fig. 1(a), it is evident that the radiation transition from *Fg to *Ijsp2
always is weak, which would be attributed to the negligible interaction
between the excited Er>* ions in the doped Er** amount under a low
excitation power, resulting in the “Fg;, level being not efficiently
populated. So the strong NIR emission peaked at 830 nm due to the
transition from 419/2 to 4115/2 can is gained under a low excitation
power. However, the interaction between the excited Er**+ ions must
be considered due to the excited Er** amount increase with increas-
ing the 980-nm excitation power, the “Fo, level can be efficiently
populated with the cross-relaxation process of (*loja, “l11/2)— (“Fopa,
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Fig. 3. Emission spectra of NaYS,: 0.20Yb>*, 0.03Er** sample following an
excitation at 532 nm.
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Fig. 4. Energy-transfer processes between Yb** and Er** in NaYS,: 0.20Yb>*,
0.03Er** sample at room temperature.
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Fig. 2. Emission spectra of NaYS,:0.20Yb>*, 0.03Er** sample following an excitation at 980 nm.
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“y3) and the transition of “Ij3,—“Fop, by absorbing a 980-nm
photon. In fact, as shown in Fig. 1(b) the emission of *Fop—“lisp2
become strongest under a higher 980-nm excitation power. At the
same time as seen in Fig. 2(c), the NIR radiation transition of *I;3,—
4115,2 always increases with increasing 980-nm excitation power
because of the cross-relaxation process of (*loj, *I11/2) = (*Foj2, “l132)-
In addition, based to S?~-Yb** CTS being able to absorb 532-nm
photons more efficiently as shown in Fig. 4, the population of 419,2 can
be achieved with the nonradiative relaxation process from S*~ to
Yb** CTS to “lgp, level, leading to a strong NIR emission at 815 nm
observed exclusively.

4. Conclusions

In conclusion, our experimental results have demonstrated that
not only the NIR emission can be obtained under a low 980-nm
excitation power but also a strong monospectral NIR emission can
be observed under 532-nm excitation in the range of 800-900 nm
in NaYS,:0.20Yb**, 0.03Er>* powder, which makes it more
attractive for applications in biological and medical fields because
the minimal absorbency in the human body is in the ranges of
700-900 nm [19,20]. Further it is identified that the dominant
reasons giving rise to the efficient NIR emissions with Er>* would
be the energy position of S2~-Yb3* CTS following an excitation at
980 nm or 532 nm in the NaYS,:0.20Yb>+, 0.03Er>*+ material. It is
revelatory for the experimental results to be devoted to the search
for novel NIR phosphors.
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