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By utilizing the proportional relationship between the excitation and absorption spectra for some

special excited multiplets of rare-earth (RE) ions that are followed by a very fast nonradiative

relaxation to the monitored level, we propose a new approach to determine the Judd–Ofelt (JO)

intensity parameters that are crucial to the evaluation of laser and luminescent materials via

excitation spectra. To validate this approach, the JO parameters of NaGd(WO4)2 : Er
3+ and

YLiF4 :Nd3+ crystals are calculated and compared through both the excitation and absorption

spectra. The JO parameters derived from this approach are in good agreement with that

determined from the conventional method (absorption spectra). Furthermore, the JO intensity

parameters of Y2O3 : Er
3+ nanocrystals are derived from the excitation spectra by taking into

account the nano-size effects, which are comparable to the values of the crystal counterpart.

The proposed approach is of particular importance for those powders or nanophosphors with

low RE doping concentration that their quantitative absorption spectra are difficult to measure.

1. Introduction

Rare-earth (RE) ions doped materials have been widely

used for solid-state lasers, lighting and displays, optical

communications, fluorescent biolabels, and other photonic

devices.1–17 Judd–Ofelt (JO) intensity parameters, in terms of

Ot (t = 2, 4, 6), are crucial to evaluating the performance of

the laser and luminescent materials.18–20 Generally, the three

JO intensity parameters are determined empirically from the

room temperature (RT) absorption spectrum by minimizing

the differences between the calculated and the experimental

transition line (or oscillator) strengths of a series of excited

multiplets by standard least-squares or chi-square methods.18,20

Once the JO parameters are obtained, the spontaneous

emission probabilities, the oscillator strength, and the radiative

branching ratios between J-multiplets of RE ions can be

estimated. Typically, the O2 parameter is associated with

short-range coordination effects. The higher polarization and

asymmetry of the RE ligands, the larger O2 value is expected.

Nevertheless, the other two parameters O4,6 depend on long-

range effects.20 So far, this conventional method has been

extensively and effectively used in the optical characterization

of RE doped single crystals, polycrystalline, glasses, and

solutions since 1962.20 However, it meets great limitation in

the calculation of JO parameters of nanomaterials in form of

powders since the quantitative absorption spectra of these

materials can hardly be measured especially for the case of low

RE dopant concentration. Nowadays with the development of

novel nanophosphors, it is urgent to find more convenient

methods for the determination of JO intensity parameters for

powders or nanocrystalline materials, which are essential to

predicting RE spectral properties for a variety of material

applications. A method for direct calculation of JO intensity

parameters of Eu3+ through emission spectra was proposed

by Krupke, taking advantage of the fact that the intensities of

the 5D0–
7F2,

5D0–
7F4, and 5D0–

7F6 transitions are solely

dependent on the O2, O4, and O6 parameters, respectively,21

which has been recently applied in various Eu3+ doped

nanophosphors.22,23 In addition, the JO intensity parameters

of Gd3+ in YOCl powders were also derived from the emission

spectra and the radiative decay measurement by J. Sytsma and

coworkers.24 However, to date, an approach simply based on

the measurement of the excitation spectra has not been

proposed to determine the JO parameters for RE3+ ions

doped powders or nanocrystals.

In this work, we provide a new way for the calculation of

JO intensity parameters based on the RT excitation spectra.

To validate this approach, we apply it to the determination of

JO parameters of two model systems: NaGd(WO4)2 : Er
3+

(NGW:Er) and YLiF4:Nd3+ (YLF:Nd) crystals. The results

are compared with that calculated by the conventional method

through the absorption spectra. Finally, to exemplify its

usefulness in nanophosphors, the approach is introduced to

determine the JO parameters of Y2O3:Er
3+ nanocrystals.

2. Theoretical considerations

To some extent, the corrected excitation spectrum can be

regarded as a part of the absorption spectrum that was used

to emit light from the monitored levels. The difference between

the excitation and absorption spectra mainly lies in the relative

fluorescence efficiency, that is, the intensity ratio of the

fluorescence excitation to the absorption.25 If the relative
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fluorescence efficiency keeps constant at different wavelengths,

the excitation spectrum can therefore coincide exactly with the

absorption spectrum. It has been turned out that the excitation

spectrum reproduces well the corresponding absorption

spectrum for the excitation to those levels that are followed

by a very fast nonradiative relaxation to the monitored

level.26,27 As a matter of fact, this is equivalent to a special

situation discussed by Partlow and Moos, in which the quan-

tum efficiency ZAB from an excited level (A) to its low-lying

level (B) is assumed to be 1.28 The applicable monitored levels

and the excited states of different RE3+ ions that meet the

prerequisite (namely, excited multiplets should nonradiatively

relax to the monitored level very fast) were summarized in

Table 1. For instance, for Er3+ ions, those excited multiplets

of 2H11/2,
4F7/2,

4F5/2, and
4F3/2 when monitoring the emission

from the metastable 4S3/2 may satisfy the above condition, and

thus could be selected as ideal J-multiplets for the proposed JO

parameters determination. Similarly, the target multiplets in

the excitation may be 2H11/2,
4F9/2,

4F7/2,
4S3/2,

4F5/2 and
2H9/2

when monitoring the emission from 4F3/2 for Nd3+ ions. The

energy levels of Er3+ and Nd3+ ions are schematically plotted

in Fig. 1. The above proportionality between the absorption

and excitation spectra is then utilized to perform the following

JO calculation.

The measured line strengths Smea are calculated from the

excitation spectrum by:

SmeaðJ ! J 0Þ ¼ C
�l

9n

ðn2 þ 2Þ2
Gexc ð1Þ

where J (J0) is the angular momentum quantum number of the

initial (final) state (for Er3+ J= 15/2; for Nd3+ J= 9/2); C is

a proportional constant that includes the calibration factor for

the optical detecting system; n is the refractive index of the

sample. In case of nanocrystals, n should be replaced by an

effective index of refraction neff considering the filling factor x

occupied by nanocrystals as will be discussed in the following;29

and l is the mean wavelength of the excitation band; Gexc, a

quantity similar to the integrated absorbance for the absorption

spectrum, is the integrated excitation intensity for each band

from the initial state to the final state. Note the difference

between eqn (1) and the commonly used expression for

Smea.
21,26,30 Relative values of Smea (each having a common

factor of C), instead of absolute ones for the conventional

method, is calculated by eqn (1). The line strengths of optical

spectra of RE3+ ions in luminescent materials are mainly

determined by electric-dipole (ED) and magnetic-dipole

(MD) transitions. According to JO theory, the absorption/

excitation line strength for an ED transition can also be

expressed in terms of O2,4,6 parameters by30

ScalðJ ! J 0Þ ¼
X

t¼2;4;6
OtjhFJjjUðtÞjjF 0J 0ij2 ð2Þ

The reduced matrix elements (RMEs) of the unit tensor

|hFJJU(t)JF0J0i| are adopted from ref. 31 and 32. By a

least-squares fitting of Scal to the measured line strengths Smea,

the ratios of the three JO intensity parameters O2,4,6 can be

obtained.

For the emission spectra, the radiative transition rates of the

ED and MD transitions from an initial state J to a lower state

J0 can be calculated according to:

AðJ ! J 0Þ ¼ 64p4e2

3hð2J þ 1Þ�l3
:

wED
X

t¼2;4;6
OtjhFJjjUðtÞjjF 0J 0ij2

"

þ wMDjhFJjjMjjF 0J 0ij2
i

ð3Þ

t�1r ¼
X
J 0

AðJ ! J 0Þ ð4Þ

where M = �eh(L + 2S)/2mc is the MD moment for

transition from J to J0 and the RMEs of M depend on the

free-ion Hamiltonian;33 tr is the radiative lifetime of the emitting

multiplet (J); wED is the correction factor of the refractive

index (n) for an ED transition with wED = n(n2 + 2)2/9; wMD is

the correction factor of the refractive index for a MD transition

with wMD = n3. As shown in eqn (3) and (4), the radiative

lifetime depends explicitly on the refractive index of the host.

For nanocrystals with a size much smaller than the wavelength

of light, n should be replaced by an effective index of refraction

(neff) since only a fraction of the total volume is occupied by

nanocrystals.29 The neff is defined as: neff = n(l)np�x +

(1 � x)nmed, where x is the filling factor showing what fraction

of space is occupied by the nanoparticles with the refractive

index of n(l)np, and nmed is the refractive index of surrounding

media.29 Moreover, for Er3+ ions, the measured RT lifetime

of 4I13/2 by monitoring the 4I13/2 -
4I15/2 transition was used

as a standard to determine the absolute values of O2,4,6

parameters according to eqn (3) and (4). Here, we assume

that the quantum efficiency of 4I13/2 approaches 1, in view of

the large energy gap between 4I13/2 and
4I15/2 (B6500 cm�1). It

should be noted that the corresponding MD contribution was

subtracted from the total radiative rate of the 4I13/2 - 4I15/2
transition (i.e., inverse of the measured lifetime) in the calculation.

Similarly, for Nd3+ ions, the measured RT lifetime of 4F3/2 by

monitoring the 4F3/2 -
4I11/2 transition was used as a standardFig. 1 Schematic energy levels of Er3+ and Nd3+ ions.
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to determine the absolute values of O2,4,6 parameters. The MD

contribution for the 4F3/2 -
4I11/2 transition is zero. Once the

absolute values of JO intensity parameters are determined, the

line strengths of the ED transition, Smea and Scal, can readily

be calculated by eqn (1) and (2), respectively. The root mean

square (rms) deviation between the experimental and calculated

line strengths is defined as:

rmsD S ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiXN
i¼1
ðSmea � ScalÞ2

,
ðN � 3Þ

vuut ð5Þ

where N is the number of experimental bands involved in the

above calculation. The magnitude of the rmsDS reflects the

goodness of the JO parameters fitting.

3. Experimental

The NGW:Er3+ (0.75 at.%) crystal and YLF:Nd3+ (1 at.%)

crystal used in this study were grown by the Czochraski

method. The polarized absorption spectra of NGW:Er3+

crystal were reported elsewhere.34 For photoluminescence

(PL) and PL excitation characterizations, the crystals were

crushed into fine powders.

The Y2O3:Er
3+ (1 at.%) nanocrystals was prepared by a

sol–gel combustion method. In detail, 3.83 g Y(NO3)3�6H2O,

0.047 g Er(NO3)3�6H2O, 2.54 g citric acid and 2.25 g glycine

were dissolved in 10 mL distilled water and 4 mL glycol

solution. After 30 min of stirring, the transparent solution

was kept at 80 1C for 1 h to afford the sol. The sol was then

baked at 100 1C for 12 h to obtain transparent yellow gel.

After cooling to RT, the gel was heat treated to 200 1C for 4 h

and then 850 1C for 2 h to yield final products.

The absorption spectra of the samples from 200 to 900 nm

were recorded with a Perkin-Elmer UV-VIS-NIR spectro-

meter (Lambda-900). Powder X-ray diffraction (XRD) pat-

terns were collected using a PANalytical X’Pert PRO powder

diffractometer with Cu-Ka1 radiation (l = 0.154 nm). The

morphology of the samples was characterized by a JEOL-2010

transmission electron microscope (TEM). The excitation and

emission spectra and luminescence decay curves were recorded

on an Edinburgh Instruments FLS920 spectrofluorimeter

equipped with continuous (450W) xenon and pulsed xenon

(microsecond) lamps. The line intensities of the measured

excitation spectra were calibrated for the wavelength dependence

of the instrument response including the intensity of the xenon

lamp, the transmission efficiency of monochromators, and the

quantum efficiency of detector.

4. Results and discussion

4.1 NGW:Er

For Er3+ ion doped systems, the NGW:Er crystal was selected

as an example for the calculation of JO parameters, because

the maximum phonon energy of the (WO4)
2� group is about

900 cm�1,35 and it requires at least 7 phonons to bridge the

energy gap between 4I13/2 and
4I15/2. In order to eliminate the

effect of radiation trapping,36 the luminescence lifetime of
4I13/2 of NGW:Er powders (4.07 ms) instead of bulk crystal

(4.88 ms)34 was adopted in the following calculation. Fig. 2

compares the RT excitation and absorption spectra of

NGW:Er powders or crystal. It can be seen that the excitation

spectrum reproduces well the absorption spectrum in the peak

positions and the line intensities. The significant difference

below 350 nm is due to the ultraviolet absorption of the host in

the absorption spectrum. Seven bands in the RT excitation

spectrum, which correspond to the multiplets of 2H11/2,
4F7/2,

4F5/2,
4F3/2,

2H9/2,
4G11/2, and

4G9/2 + 2K15/2 + 2G7/2, are

intentionally selected since they meet the approximate condition

for proportionality relationship aforementioned. By utilizing

the proposed approach, the three JO intensity parameters were

obtained (O2,4,6 = 12.07, 3.58, and 0.86, respectively, in units

of 10�20 cm2). As shown in Table 2, the results determined by

our approach are in good agreement with that calculated from

the absorption spectrum (O2,4,6 = 14.91, 2.19, and 1.30). The

value of rmsDS (0.764 � 10�20 cm2) is within the range for a

typical fit to the absorption spectrum.

4.2 YLF:Nd

The proposed approach is also applied to the determination of

JO parameters for Nd3+ ions in YLF:Nd crystal. Fig. 3 shows

the RT excitation and absorption spectra of YLF:Nd powders

or crystal. The peak positions and intensities suggest the

similarity between the excitation and absorption spectra. It

is reasonable to assume that the quantum efficiency of 4F3/2

approaches 1, because, considering the maximum phonon

energy of the (LiF4)
3� group (about 450 cm�1),37 at least 12

phonons are required to bridge the large energy gap between
4F3/2 and 4I15/2 (B5400 cm�1) in YLF:Nd crystal. Therefore

the luminescence lifetime of 4F3/2 (457 ms) measured by

Table 1 The excited multiplets of different RE3+ ions that can be used in the calculation of JO parameters through the excitation spectra

RE3+
Monitored
multiplet Applicable multiplets

Pr3+ 1P0
3P1,

1I6,
3P2

Nd3+ 4F3/2
4F5/2 +

2H9/2,
4S3/2 +

4F7/2,
4F9/2,

2H11/2,
2G7/2 +

4G5/2,
4G7/2 +

4G9/2 +
2K13/2,

4G11/2 +
2G9/2 +

2D3/2 +
2K15/2,

2P1/2 +
2D5/2,

4D3/2 +
4D5/2 +

2I11/2 +
4D1/2 +

2L15/2

Pm3+ 5F1
5F2,

5F3,
5S2,

5F4,
5F5,

3H4,
5G2,

5G3

Sm3+ 4G5/2
4F3/2,

4G7/2,
4I9/2,

4I13/2,
4F5/2,

4M17/2,
4M19/2

Gd3+ 6P7/2
6P3/2,

6P5/2

Tb3+ 5D3
5L10,

5G6,
5L9,

5G5,
5D2,

5L8,
5G4,

5L7,
5L6,

5G3,
5G2

Dy3+ 4F9/2
4I15/2,

4G11/2,
4I13/2,

4K17/2,
4I17/2,

4M19/2,
4P3/2,

6P3/2,
6P5/2,

4I11/2
Ho3+ 5F3

5F2,
3K8,

5F1

Er3+ 4S3/2
2H11/2,

4F7/2,
4F5/2,

4F3/2,
2H9/2,

4G11/2,
4G9/2 +

2K15/2 +
2G7/2

Tm3+ 3P0
3P1,

1I6,
3P2

3278 | Phys. Chem. Chem. Phys., 2010, 12, 3276–3282 This journal is �c the Owner Societies 2010
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monitoring the RT emission at 1064 nm was approximately

regarded as the radiative lifetime in the calculation. Nine

excitation bands (Fig. 3) assigned to the multiplets of
4F5/2 + 2H9/2,

4F7/2 + 4S3/2,
4F9/2,

2H11/2,
4G5/2 + 2G7/2,

4G7/2 + 4G9/2 + 2K13/2,
4G11/2 + 2G9/2+

2D3/2 + 2K15/2,
2P1/2 +

2D5/2, and
4D3/2 +

4D5/2 +
2I11/2 +

4D1/2 +
2L15/2 are

selected for the determination of JO parameters since they

satisfy the approximation assumed in the new approach. As a

result, the three JO parameters were obtained (O2,4,6 = 0.60,

4.91, and 5.84, respectively, in units of 10�20 cm2). The

results derived from the excitation or absorption spectra

are compared in Table 2. As shown in Table 2, the O4

calculated from the excitation spectrum (4.91 � 10�20 cm2)

are somewhat larger than that from the absorption spectrum

(3.08 � 10�20 cm2), whereas O2,6 parameters obtained by the

two methods vary little. The value of rmsDS obtained by the

excitation spectrum is a little larger than that of the absorption

spectrum, which may be due to the fact that more bands in the

absorption than in the excitation spectra were involved in the

fit of JO parameters. Compared with the parameters O2,4,6

(0.362, 4.02, and 4.84, in units of 10�20 cm2) for bulk YLF:Nd

crystal reported by Ryan et al.,38 the parameters determined

from our approach are slightly larger on the whole. The reason

could be that the measured radiative lifetime of 4F3/2 (457 ms)
adopted in our calculation is smaller than that from

Ryan et al. (525 ms). If the 4F3/2 lifetime of 525 ms were

employed in the above calculation, O2,4,6 values of 0.53,

4.22, and 5.13 (in units of 10�20 cm2) would be obtained,

closer to those reported by Ryan et al.

4.3 Y2O3:Er
3+

nanocrystals

The above results reveal that the JO parameters derived from

the excitation spectra are basically in accordance with that

determined by the commonly used method. To demonstrate its

applicability for RE doped nanomaterials, the proposed

approach is further employed to determine the JO parameters

of Y2O3:Er
3+ (1 at.%) nanocrystals prepared by a sol–gel

combustion method. It should be noted that, Er3+ doped

Y2O3 nanocrystals have been extensively studied due to

their potential applications in optical communications and

biolabels.39–45 However, to date, no JO parameters are available

in the literature to characterize the optical properties of

Y2O3:Er
3+ nanocrystals. The phase and morphology of

Y2O3:Er
3+ nanoparticles annealed at 850 1C for 2 h were

characterized by powder X-ray diffraction (XRD) and TEM

experiments. Fig. 4 shows the XRD pattern of the sample. The

pattern exhibits well-defined diffraction peaks, indicative of a

highly crystallinity of the sample. All the peaks can be

exclusively indexed as cubic phase of Y2O3 (JCPDS No.

86-1326, space group Ia-3). By means of the Debye–Scherrer

equation, the average size of Y2O3 nanocrystals was estimated

to be 53 nm. Fig. 5 shows the TEM (inset) and high resolution

TEM images of Y2O3:Er
3+ nanocrystals. As shown in the

inset of Fig. 5, the obtained Y2O3 nanocrystals were nearly

spherical with the mean size of 55 nm, consistent with the

value estimated by XRD measurement. The high resolution

TEM image revealed very clear crystalline lattice fringes inside

a nanoparticle, verifying the very good crystallinity of the

sample. The excitation spectrum of Y2O3:Er
3+ was shown in

Fig. 6. Similar to NGW:Er, seven bands identified in the RT

excitation spectrum by monitoring the emission at 564.0 nm,

which correspond to the multiplets of 2H11/2,
4F7/2,

4F5/2,
4F3/2,

2H9/2,
4G11/2, and

4G9/2 + 2K15/2 + 2G7/2, are selected as

target multiplets in the calculation. The wavelength-dependent

refractive index, n, of cubic Y2O3 was derived from the Cauchy

Fig. 2 RT excitation spectrum (red line) of NGW:Er powders by

monitoring the Er3+ emission at 552 nm. Seven bands labeled in the

Figure are chosen for JO intensity calculation. The black line is the

unpolarized absorption spectrum of NGW:Er crystal.

Table 2 Comparison of the JO parameters determined from the
excitation and absorption spectra (in units of 10�20 cm2)

Samples O2 O4 O6 rmsDS Reference

NGW:Er powder 12.07 3.58 0.86 0.764 This worka

NGW:Er crystal 14.91 2.19 1.30 — 34b

YLF:Nd powder 0.60 4.91 5.84 0.551 This worka

YLF:Nd crystal 0.82 3.08 6.90 0.447 This workb

YLF:Nd crystal 0.362 4.02 4.84 0.196 38b

Y2O3:Er
3+ nanocrystals 3.58 2.09 0.41 0.185 This worka

Y2O3:Er
3+ crystal 4.59 1.21 0.48 — 46b

a Determined from the excitation spectrum. b Determined from the

absorption spectrum.

Fig. 3 RT excitation spectrum (red line) of YLF:Nd powders by

monitoring the Nd3+ emission at 1064 nm. Nine bands labeled in the

figure are chosen for JO intensity calculation. The black line is the

unpolarized absorption spectrum of YLF:Nd crystal.
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formula, n(l) = 1.780 + 0.01598�l�2.46 For Y2O3 nano-

crystals, the effective index of refraction can be expressed as:

neff = n(l)Y2O3�x + (1 � x)�nmed, where n(l)Y2O3 is the

refractive index of Y2O3 (1.805 at the wavelength of 1535.4 nm).

To determine the filling factor x, we measured the 4I13/2
lifetimes of Er3+ in Y2O3 nanocrystals being immersed in

solvents with different refractive indices. The media included

air (n = 1), ethanol (CH3CH2OH, n = 1.361), methylbenzene

(C6H5CH3, n = 1.497) and carbon disulfide (CS2, n = 1.628).

Although the refractive indices of solvents or air in which

Y2O3 nanocrystals were immersed vary from 1.0 to 1.63,

numerical calculations show that the ratio of wED to wMD

can be well approximated to be 1. As shown in Fig. 7a, such

approximation is accurate to withinB10% for nmed in a range

from 1.0 to 2.2. In view of the intrinsic accuracy of JO

parameters calculation (usually within 10–20%), it is reasonable

to assume that wED equals to wMD in this case. Particularly, for

the 4I13/2 -
4I15/2 transition, eqn (3) can thus be simplified as:

trð4I13=2Þ�1 �
64p4e2

3hð2J þ 1Þ�l3
wED�

X
t¼2;4;6

OtjhFJjjUðtÞjjF 0J 0ij2þjhFJjjMjjF 0J 0ij2
" #

ð6Þ

Two macroscopic models have recently been proposed for

the dependence of the radiative relaxation probability of

luminescent centers embedded in surrounding media with

various refractive indexes, i.e. the virtual-cavity model and

the real-cavity model.47,48 In this case, the virtual-cavity model

was used to simulate the dependence of 4I13/2 lifetime of Er3+

in Y2O3 nanocrystals on the refractive indexes of the

surrounding media with wED = neff(neff
2 + 2)2/9 in eqn (6).

Fig. 7b shows the dependence of the observed 4I13/2 lifetime of

Er3+ in Y2O3 nanocrystals on the refractive index of the media

at RT. Using x as an adjustable parameter, the experimental

data were fitted with eqn (6) and a filling factor of 87% yielded

an optimal fit. In order to compare our results with the JO parameters of Y2O3:Er
3+ bulk crystals,46 the same sets

of RMEs of the unit tensor for the ED and the MD transitions

were used in our calculation.33,49 By a least-squares fitting of

Scal to the measured line strength Smea, the ratios of the three

JO intensity parameters were obtained. Subsequently, by

subtracting the MD contribution on the 4I13/2 -
4I15/2 transition

from the total radiative transition rate, the obtained ED

radiative transition rate of 4I13/2 was used as a standard to

determine the absolute values of O2,4,6 parameters. It should

be noted that the influence of the cross-relaxation process of

the neighboring Er3+ ions on the luminescence lifetime should

also be considered. To minimize the effect of concentration

quenching on the fluorescence kinetics, the decay of 4I13/2 in

Y2O3:Er
3+ nanocrystals with much lower dopant concentration

(0.5 at.%) was measured, which showed the same decay time

as that of the 1at.% Er3+ doped sample. Thus the Er–Er

cross-relaxation process can be neglected in this case. The

experimental radiative lifetime of 4I13/2 of Er3+ in Y2O3

nanocrystals was measured to be 8.24 ms by monitoring the

emission of 4I13/2 -
4I15/2 at 1535.4 nm. The obtained lifetime

is close to that of Er3+ in Y2O3 bulk crystal.46 It should be

Fig. 4 XRD pattern of Y2O3:Er
3+ nanocrystals, the vertical lines

represent the standard data of cubic phase Y2O3 (JCPDS No. 86-1326,

space group Ia-3).

Fig. 5 TEM image (inset) and high resolution TEM image of

Y2O3:Er
3+ nanocrystals.

Fig. 6 RT excitation spectrum of Er3+ doped Y2O3 nanocrystals by

monitoring the Er3+ emission at 564.0 nm. Seven bands assigned in

the Figure are chosen for JO intensity calculation.
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mentioned that the anomalously long lifetime of 4I13/2 (48 ms)

for Y2O3:Er
3+ nanocrystals recently reported by Sardar

et al.50 remains very suspicious because it is more than six

times the radiative lifetime (7.75 ms) reported by Weber.46 As

a result, the three JO intensity parameters were obtained

(O2,4,6 = 3.58, 2.09 and 0.41, in the units of 10�20 cm2). In

principle, compared to the bulk crystal, the particle size (or

quantum confinement) should have little impact on the JO

parameters for RE-doped insulator nanocrystals with a size

larger than 10 nm. In contrast to the JO parameters (O2,4,6 =

4.59, 1.21 and 0.48) for Y2O3:Er
3+ bulk crystal,46 O6 varied

little, whereas O2 is somewhat smaller and O4 is larger than the

Y2O3:Er
3+ crystal. Nevertheless, the determined JO parameters

are comparable to those bulk values. For comparison, we

performed the above fit for the case not considering the

correction of effective refractive index for nanocrystals

(namely, assuming a filling factor of 100%). The fitting

resulted in the values (O2,4,6 = 3.08, 1.81 and 0.36, in the

units of 10�20 cm2), which are smaller on the whole than that

when considering the refractive index correction and deviate

more from the bulk values.

Finally, it is worth re-emphasizing that the method we

proposed is based on a prerequisite that a very fast nonradiative

de-excitation/relaxation to the monitored level occurs for the

excited levels involved in the fitting. Obviously, long-lived

metastable excited states are not suitable for this method,

such as the 4S3/2,
4F9/2 and 4I9/2 multiplets of Er3+

when monitoring the emission from 4I13/2, since radiative

de-excitations may occur between them. Besides, those hosts

with lower maximum phonon energy could be ideal systems

for the application of the proposed approach, since the multi-

phonon nonradiative transition from the metastable state can

be significantly inhibited. Consequently the measured lifetime

from the metastable level can be approximately regarded as its

radiative lifetime, which is used to determine the absolute

values of JO parameters.

Conclusions

In summary, a new method based on the measurement of the

excitation spectrum for RE doped powder or nanocrystalline

materials is proposed to determine the JO intensity parameters,

which are useful in evaluating the spectral properties of RE3+

ions in a series of luminescent materials. The approach has

been successfully applied to three systems: NGW:Er powders,

YLF:Nd powders, and Y2O3:Er
3+ nanocrystals. The JO

parameters determined from this approach are in good agreement

with that determined from the conventional method. This

approach is particularly valuable for those powders or nano-

phosphors that their quantitative absorption spectra are

difficult to measure.
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