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Abstract: A four-level decay model of 6P7/2 excited state of Eu2+ ion in KMgF3: Eu2+ has been 
proposed.  The decay profiles of the 6P7/2 excited state of Eu2+ are two exponential and the 
physical implication of each term in the fit equation responsible for the model is interpreted.  The 
data obtained spectroscopically are in good agreement with the fit results. 
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Optical transitions of divalent Europium (4f7) ions in KMgF3 have been investigated 
extensively due to the potential applications for phosphors or lasers.  In KMgF3: Eu2+, 
the 6P7/2 state is at lower energy than the lowest 4f65d state.  However, the reported 
energy differences between the two states vary from author to author.  Sardar et al.1 

estimated the value of 1250 cm-1 from a semilog plot of the 6P7/2→8S7/2 and 4f65d→ 8S7/2 
emission intensities versus T-1.  Altshuler et al.2 found the value of 120 cm-1 from a fit 
to the temperature dependence of the 6P7/2 decay time.  Ellens and co-workers3 obtained 
the value of 3300 cm-1 from spectrum data and a three-level model fit to the 6I7/2

 level.  
They also suggested that the main reason for the erroneous result for ∆E (4f65d-6P7/2) for 
Eu2+ in the first two cases is that the results are fitted to a three-level model including the 
6P7/2, 4f65d and the 8S7/2 levels.  In reality more levels (6P5/2, 6P3/2, and different 4f65d 
levels) are involved.  In the simple three-level model, the temperature dependence of 
the 6P7/2→8S7/2 transition probability (wf in equation (2), vide infra), due to a change in 
the vibronic transition probability with temperature, is not taken into account.  Hence, 
the values for ∆E from fits to the three-level model are inaccurate.  The 
spectroscopically determined values for ∆E (4f65d-6P7/2) are more accurate. 

Recently we have started to study the reason for this erroneous value of ∆E.  
Single crystal of KMgF3: Eu2+ has been grown in our laboratory and various optical 
measurements have been made.  On the basis of temperature dependence of lifetime, we 
propose a four-level decay model and a two exponential decay equation.  Good 
agreements are found between the fit and the spectroscopic results. 

 
Results and discussion 
The proposed four-level decay pattern is shown in Figure1. 

According to the three level model, the decay time (τ) of the Eu2+ luminescence 
consisting of 4f-4f line emission and 5d-4f band emission, can be described by2 
following equation: 

 
                     1/τ = wf + wdexp(-∆E/KT)               (1) 
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Where wd , wf are the radiative probabilities of the lowest 4f65d level and of the 

lowest excited 4f level, respectively.  For the four-level system, another exponential 
term is needed and equation (1) can be rewrite as 

 
        1/τ = wf + wf1exp(-∆Eff/KT) + wdexp(-∆Efd/KT)           (2) 

 
Deactivation of the 6P7/2 emitting states can take place via radiative decay and 

nonradiative decay.  For Eu2+ ion, the probability of nonradiative decay between any of 
these excited states and the ground state is negligibly small and is neglected, due to the 
large energy difference (about 28000cm-1) between the 8S7/2 and the excited states4. 

 
Figure 1  Four-level decay pattern of 6P7/2 excited state in KMgF3: Eu2+ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As can be seen from Figure 1, thermal activation of the 6P5/2 state and the lowest 
4f65d states lead to opening of two additional energy dissipation tunnels.  In equation 
(2), the deactivation rate constant of the thermally populated 4f65d states is designated wd 
and equals the radiative probabilities of the lowest 4f65d level.  ∆Efd is the energy gap 
between the lowest 4f65d states and the 6P7/2 emitting states.  The deactivation rate 
constant, wf1 is associated with low lying 6P5/2 state, and ∆Eff is the energy gap between 
6P5/2 and 6P7/2 level.  Our detailed study shows that 6P5/2 level is a special energy 
dissipation tunnel and the preexponential factor wf1 represents the dissipation coefficient.  
At about 400 K, the energy loss via 6P5/2 tunnel reaches its maximum.  The lost energy 
is most possibly related to the energy transfer to the F color centers in the crystal by 
inter-system crossing. 

Wf represents the rate constants for direct radiative decay of 6P7/2 state.  In our 
experiments, lifetime measurement of 6P7/2 emission is designated with a low resolution 
monochromator of some 3 nm spectral resolution.  Thus, the observed lifetime contains 
contributions from the transition probability of the vibronics (Stokes and anti-Stokes), 
and wf in equation (2) consists of two terms: 

 
                   wf = Avib + Azp                         (3) 
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Avib gives the contribution of the vibronic transitions to the total radiative transition 

probability (wf) of the excited state 6P7/2. Azp represents the radiative transition 
probability of zero-phonon line (360 nm).  

Table1 presents the lifetime data at the temperature regime 80-450 K.  Fitting the 
data with equation (2), we obtained the related parameters as wf = 281 s-1, wf1 = 499 s-1, 
wfd = 2.8×105 s-1, ∆Eff = 324 cm-1, ∆Efd = 2282 cm-1. 

  
Table 1  Lifetime of 6P7/2 luminescence of Eu2+ in KMgF3 crystal 

 
T(K)     87.0    100.1    155.0    203.9    253.0    300.2    367.1    461.0 

 τ(ms)    3.49    3.50     3.37     2.99      2.75     2.63     2.22     1.52 
      

Figure 2 shows that the experimental decay data can be fitted quite well to equation 
(2). wd is in good agreement with the reported data 6×105s-1 for Eu2+ 5d-4f transitions5. 
 

Figure 2  Fitting Curve of KMgF3: Eu2+(1% mol)  

*The open circle represents the experimental data. The drawn line is a fit based on eq.(2) 
 

In the absorption spectrum at 77 K, the absorption due to the 8S7/2 → 6P5/2, 8S7/2 → 
6P7/2 at 354 and 360 nm respectively are observed, as reported by Tsuboi et al6.  From 
the onset of 4f65d, 6P7/2, 6P5/2 absorption bands, ∆Eff and ∆Efd can be estimated for 
KMgF3: Eu2+.  The value is 324 and 2233 cm-1 respectively.  Again, these data are well 
agreement with the fit results. 

As can be seen from the above results, there is some difference between our data 
and the reported ones for ∆Efd.  Our results show that the calculation method is one 
factor, another important factor to affect the 4f65d level position is the oxygen contents in 
the crystals used.  Since fluoride possesses the pyrohydrolysis property (interaction with 
water vapour in crystal growth process) one can suppose that oxygen containing 
impurities in KMgF3 play a very important role5.  As literature reported7,8,9,  the 
position of the 4f65d state depends on the covalency and crystal field strength at the Eu2+ 
site. Introducing oxygen into the crystal will increase the covalency and crystal field 
strength at the Eu2+ site.  As a result, the splitting (10 Dq) between eg and t2g is increased 
and also the centre of gravity of the 4f65d states is shifted to lower energy.  The traces 
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of oxygen impurities existing in our crystals is clearly shown in the absorption spectra at 
204 and 224 nm as reported10,11.  

Based on equation (2), at room temperature, the dominant contribution for the total 
transition probability is from 6P7/2 emission, 27% energy is lost via 6P5/2 decay path and 
4f65d emission can be neglected in this case.  With the increase of temperature, 4f65d 
emission gradually dominate the spectra, and at 650K 76% contributions come from this 
level, the line emission intensity become negligible.  This result agrees well with the 
reported one1. 

When temperature keeps at 77 K, there are almost no contributions from 6P5/2 and 
4f65d thermally populated decay. Energy of 99.7% emits radiatively via 6P7/2 excited state. 
Then, the two exponential terms in equation (2) can be neglected and equation (2) 
becomes: 

 
                   1/τ = wf = Avib+Azp                 (4) 

 
In equation (4), Avib gives the contribution of the vibronic transitions to the total 

radiative transition probability (wf) of the 6P7/2 excited state.  The ratio of the total 
vibronic intensity and the total zero-phonon line intensity is given by 

 
                  R = Ivib/Izp = Avib/Azp                   (5) 

 
From the R value and the decay time, the vibronic and zero-phonon transition 

probability Avib and Azp can be obtained by the equation (4) and (5)3,4,12.   Using the data 
from emission spectrum and lifetime at 77 K, i.e. τ = 3.49ms and R = 2.2 (Integral 
intensity ratio), we get Azp = 89 s-1 and Avib=198 s-1.  Thus, wf = Avib+Azp = 287 s-1.  
This value well consists with that obtained from the fit result 281s-1. 
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