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Abstract 

Sr2Si5N8:Eu2+, one of the most recently developed 

phosphors for use in white light emitting diodes, exhibits 

a two-peak emission. Namely, the emission band of 

Sr2Si5N8:Eu2+ is deconvoluted into two Gaussian peaks 

irrespective of the Eu2+ concentration. We examined the 

two-peak emission of Sr2Si5N8:Eu2+ by analyzing the 

time-resolved photoluminescence spectra. We revealed 

that the two-peak emission was closely associated with 

the energy transfer taking place between Eu2+ activators 

located at two different crystallographic sites in the 

Sr2Si5N8 structure. The experimental results coincided 

well with the rate equation model involving the 

crystallographic information of the host. 
 

 

1. Introduction 

 

Recently, Sr2Si5N8:Eu2+ phosphors were developed for 
use in LED applications.1~13 Though considerable 
efforts have been made to synthesize Sr2Si5N8:Eu2+ 

phosphors, including the structural analysis1~13, in-
depth study of the time-resolved photoluminescence 
(TRPL) of these phosphors has never been considered. 
TRPL is essential to understand the two-peak 
emission from Eu2+ activators located at two different 
strontium sites in the Sr2Si5N8 host structure. The 
spectral distribution of two peaks is closely associated 
with the energy transfer between two different Eu2+ 
sites. Thus, it would be worthwhile to examine the 
decay behavior of each peak, so that the energy 
transfer can be understood in greater detail. Though 
several recent reports have dealt with the two-peak 
emission of Sr2Si5N8:Eu2+ phosphors5~7, an in-depth 
examination of the energy transfer in association with 
TRPL analysis was not included. 

The emission band of Sr2Si5N8:Eu2+ comprises a 
superposition of two distinct emission peaks. The 
deconvoluted peaks (P1 and P2) and their 
corresponding Eu2+ sites (Sr1 and Sr2 sites) are 
designated in Figure 1. Sr2Si5N8 has an orthorhombic 
structure (Pmn21 symmetry) with unit cell parameters 
of a = 5.71 Å, b = 6.82 Å, and c = 9.34 Å [14]. The 
Eu2+ activator can enter the structure at two distinct 
Sr2+ sites. Within a 3.5 Å coordination, one (referred 
to as Sr1) would be coordinated by 10 nitrogen ions 
with an average distance of 2.969 Å, and the other 
(referred to as Sr2) would be coordinated by 10 
nitrogen ions with an average distance of 2.928 Å. It 
is generally known that the loose site accommodating 
Eu2+ activators corresponds to a high-energy (short 
wavelength) emission peak, and vice versa.15~17  In 
recent reports dealing with the two-peak emission 
behavior of Sr2Si5N8: Eu2+ phosphors5~7, the 
deconvoluted emission peaks were assigned to the 
wrong Wyckoff sites, by mistaking the coordination of 
the Sr1 site. A straightforward determination shows 
the coordination number of Sr1 to be 10 (not 8) when 
the structure is examined in more detail. In this regard, 
it is clear that P1 comes from the Sr1 site and P2 from 
the Sr2 site in Sr2Si5N8: Eu2+ phosphors. 
 

 
 

2. Result and Discussion 
 

Figure 1 (a) and (b) show the deconvoluted 
emission spectra of Sr2Si5N8:0.0005Eu2+ and 
Sr2Si5N8:0.02Eu2+ at two particular delay times. The 
preparation process of these phosphors is well 
described in previous reports.1,2 The peak center of P1 
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and P2 varied with the Eu2+ concentration—P1 from 

598 to 635 nm and P2 from 626 to 684 in the Eu2+ 

concentration range of 0.0005 to 0.02. Figure 1 (a) 

shows that the relative P1/P2 ratio never changed as 

the delay time lapsed for Sr2Si5N8:0.0005Eu2+. The 

time evolution of the P1 and P2 was almost the same 

for Sr2Si5N8:0.0005Eu2+. However, the relative P1/P2 

ratio decreased drastically as the delay time increased 

for Sr2Si5N8:0.02Eu2+, as shown in Figure 1 (b). It is 

obvious that the time evolution of the P1 component 

was much faster than that of the P2 component for 

Sr2Si5N8:0.02Eu2+, so that the spectral shape changed 

dramatically with the delay time as shown in Figure 1 

(b). According to the TRPL results, the energy transfer 

scarcely took place for Sr2Si5N8:0.0005Eu2+ because 

the inter-activator distance was too far for interaction 

with such a low activator concentration, whereas brisk 

energy transfer from Eu2+ activators at Sr1 sites to 

those at Sr2 sites took place for Sr2Si5N8:0.02Eu2+. 

 

 

 

Fig. 1. Time-resolved emission spectra of (a) 

Sr2Si5N8:0.0005Eu
2+

 and (b) Sr2Si5N8:0.02Eu
2+

. 

Deconvoluted Gaussian peaks are shown and the 

local structure of Sr1 and Sr2 sites is shown in the 

inset. 

 

It is well known that the emission band location 

red-shifts as the Eu2+ activator concentration increases. 

Piao et al.5~7 argued that the red shift of the emission 

band caused by the increased Eu2+ concentration was 

ascribed to the uneven distribution of Eu2+ 

concentration, meaning that Eu2+ activators occupied 

loose sites (Sr1) at low Eu2+ concentration but the 

occupation of Eu2+ activators at tight sites (Sr2) 

became available as the Eu2+ concentration increased. 

In our opinion, however, it would be more reasonable 

to assume that Eu2+ activators are evenly distributed to 

both the Sr sites regardless of the Eu2+ concentration. 

We can address several rationales for this assumption. 

The polyhedron size of Sr1 and Sr2 sites is similar and 

the ionic size of Eu2+ is slightly smaller than Sr2+,18 so 

that an even distribution is plausible. More 

importantly, the emission spectra for all Eu2+ 

concentrations were clearly deconvoluted into two 

Gaussian peaks, and the relative P1/P2 ratio measured 

at the early stage of TRPL (just after the cessation of 

excitation laser pulse, i.e., the delay time = 10 nsec.) 

remained unaffected by the Eu2+ concentration, as was 

evidenced in Figure 1 (a) and (b). This is clear 

evidence proving that the Eu2+ distribution to both 

sites did not vary with respect to the Eu2+ 

concentration, which eventually led to the verification 

of the even distribution of Eu2+ activators at both sites, 

because the effect of energy transfer on such an early 

stage of TRPL is not very strong. Also, the decay 

curve calculation based on our rate equation model19 

showed a much better-fitting quality when the 

assumption of equal distribution was adopted than 

when the Piao et al.’s assumption5~7 was employed. 

The rate equation model was well-described in our 

previous report19.  

The two-peak emission behavior has been observed 

in Sr2SiO4Eu2+ and Sr2Si5N8:Eu2+ phosphors, which 

should certainly be associated with the energy transfer 

between Eu2+ activators at two different 

crystallographic sites. However, the two-peak 

emission behavior has been misinterpreted by 

employing the configuration coordination model.5,20 It 

is irrational to use the configuration coordination 

model to explain the energy transfer. The plot of two 

parabolas belonging to excited states of two different 

Sr sites with only one ground state parabola was 

misleading, because two different local structures 

must create two independent configuration 

coordination sets with different curvatures. It also was 

argued that an electron was transferred from the Sr1 to 

the Sr2 site through the intersection point that two 

excited state parabolas made on the configuration 

coordination.5,20 If so, then the ionization of Eu2+ 
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should occur, and this seems unlikely. It is not 

customary to use configuration coordination when 

describing the energy transfer between Eu2+ activators 

at different sites. Consequently, configuration 

coordination is an inappropriate to use in the 

explanation of two-peak emission behavior. Two peak 

emission behavior should be interpreted based on 

either TRPL or decay results. 

 

 
 

Fig. 2. Decay curves monitored at (a) 580 and 680 

nm for Sr2Si5N8:0.0005Eu
2+

, and (b) 635 and 740 

nm for Sr2Si5N8:0.02Eu
2+

. The solid lines in (b) 

designate the theoretical model[19]. 

 

Figures 2 (a) and 2 (b) show decay curves for 

Sr2Si5N8:0.0005Eu2+ and Sr2Si5N8:0.02Eu2+. In fact, 

the decay curves monitored at 580 and 635 nm stands 

for P1 + P2, and at 680 and 740 nm for P2, which 

deviated slightly from the peak position of each 

component in an attempt to mitigate each other’s 

influence. The 680 and 740 nm decay curves were 

solely from P2, but the 580 and 635 nm decay curves 

contained mostly the P1 contribution and a certain 

degree of contribution from P2. The decay curves of 

P1 + P2 and P2 for Sr2Si5N8:0.0005Eu2+ exhibited a 

single exponential decay with a decay rate estimated 

to be 1.14 µsec. This value can be regarded as a 

radiative decay time. Such a dilute system has little 

chance of interaction with the quenching site and no 

chance for inter-activator energy transfer. It was also 

found that the radiative decay times for both P1 and 

P2 emission coincided with one another for 

Sr2Si5N8:0.0005Eu2+. 

The decay curve of P1 + P2 for Sr2Si5N8:0.02Eu2+ 

got faster and the decay curve shape changed to a non-

exponential form. Such a change originated mostly 

from the P1 decay contribution. In contrast to the P1 

decay, the decay of P2 still exhibited a single 

exponential decay. The P1 decay for 

Sr2Si5N8:0.02Eu2+ confirmed non-radiative energy 

transfer from Eu2+ ions located in the Sr1 site to the 

Eu2+ ions located in the Sr2 site. The allowed 4f7-

4f65d1 transition of Eu2+ caused a very strong dipole-

dipole interaction. The direct evidence for the non-

radiative energy transfer is the difference between the 

decay curves of P1 and P2. The P1 emission (donor) 

decayed faster than the P2 emission (acceptor). This is 

typical behavior for non-radiative energy transfer.21 

We have constructed a rate equation model involving 

all possible interactions that would take place in a 

Sr2Si5N8 host system, also incorporating 

crystallographic information about the two different 

activator sites.19 The solid line in Figure 2(b) 

designates the calculation results based on the model, 

which showed good agreement with the experimental 

data. The decay curve calculation procedures, and 

related discussions, are available in our previous 

report19. 

Now that we have verified the non-radiative energy 

transfer from Eu2+ ions located in the Sr1 site to the 

Eu2+ ions located in the Sr2 site, we have to elucidate 

why both of the P1 and P2 peaks red-shifted as the 

Eu2+ activator concentration increased. This was 

explained well by Piao et al.7 The accommodation of 

Eu2+ activators, which are smaller than Sr2+ ions, in 

the host structure would cause the lattice contraction 

and thereby reduce the Eu-N ligand length. The 

reduced size of Eu-N polyhedron would increase the 

crystal field strength and eventually lead to a red shift. 

However, some other factors might also be associated 

with the red shift of the emission bands of Eu2+ in 

Sr2Si5N8 besides the increase of the crystal field 

strength, for instance, Stokes shift could be altered as 

the Eu2+ activator concentration increased and the 

energy transfer also might have influenced the red 

shift to a certain extent. 

 
 

4. Summary 

 

In conclusion, we examined the TRPL for 
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Sr2Si5N8:Eu2+ and confirmed that the brisk energy 

transfer from Eu2+ at Sr1 to Eu2+ at Sr2 was closely 

related to the two-peak emission behavior. It was also 

confirmed that Eu2+ activators were evenly distributed 

to both Sr sites. More importantly, we suggest that the 

configuration coordination model should never be 

used for explaining energy transfer between two 

different activator sites. 
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