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Figure S1. Luminescence decay of Y2O3:Eu3+(0.05%) at 523 K. Decay curves of the 5D1 and 5D0 emission were 
recorded upon excitation into 5D1. The experimental data was fitted to bi-exponential decay. Both the rates of 
the fast components and the rates of the slow components match, which is clear signature of thermal coupling 
(but not yet thermal equilibrium for which single exponential decay with the same decay time for 5D1 and 5D0 

emission is observed). 
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Figure S2. Nonradiative coupling between 5D1 and 5D0  in Y2O2S:Eu3+. (a) Decay rates of crossover and phonon 
coupling from 5D1 and 5D0. (b) Calculated intensity ratios between 5D1 and 5D0 from Equation 8 of the main text 
(green), without phonon coupling terms (red), and without crossover rates.  

 

Table S1. Experimental parameters of the thermally coupled 5D1-5D0 levels of Eu3+ in different host lattices. The 
decay rates 𝑘𝑘r,1, 𝑘𝑘r,2, and 𝑘𝑘nr(0) were obtained from luminescence measurements at 7 K or 78 K. Fitting 
procedures of the decay rates and intensity ratios to the analytical models in the main text yielded the energies 
of phonon modes, feeding factor 𝛼𝛼, pre-factor 𝐶𝐶, and rate constant 𝑘𝑘CT. The onset of thermal equilibrium 
𝑇𝑇onset was calculated at the temperature, for which the phonon absorption rate is equal to the radiative rate 
from the lower thermally coupled state. 

 

 

 



 

Figure S3. XRD patterns of the studied materials. The dots indicate the reflections that correspond to the crystal 
structure of each material. The reflections marked by an asterisk are due to the aluminum holder that was used 
to load the NaREF4 and LaPO4 samples. All materials are single phase and within the experimental detection limit 
of ~1% no other crystalline phases are present. 

 

S1. Analysis of the temperature-dependent luminescence 

We analyze the temperature dependence of the Eu3+ luminescence using decay curves and emission 
spectra. The goal of this analysis is to verify if the thermometer behaves as a system of two thermally 
coupled levels by fitting the experimental intensity ratios to Equation 4 or 5 of the main text. The 
number of unknown variables in Equation 4 and 5 is however too large to use all of them as fitting 
parameters. We therefore separately determine 𝑘𝑘r,1, 𝑘𝑘r,2, and 𝑘𝑘nr(0) from luminescence 
measurements at 7 K, where the low temperatures suppress stimulated phonon emission and 
absorption or other undesired nonradiative processes. We use the decay rate of the 5D0 emission as 
value for 𝑘𝑘r,1, while the decay rate of the 5D1 emission 𝑘𝑘2 is the sum of 𝑘𝑘r,2 and 𝑘𝑘nr(0), as 𝑔𝑔1 = 1. 
Since decay from 5D0 is purely radiative, we can assume that at 7 K all 5D0 emission upon excitation into 
5D1 is the sole result of spontaneous phonon emission from 5D1. It is therefore possible to determine 
𝑘𝑘r,2 and 𝑘𝑘nr(0) from 𝑘𝑘2 using the emission spectrum covering all possible 5D0–1 emissions upon 
excitation in 7F0→5D1: 

𝑘𝑘r,2 =
𝑘𝑘2𝐼𝐼2
𝐼𝐼2 + 𝐼𝐼1

 

𝑘𝑘nr(0) =
𝑘𝑘2𝐼𝐼1
𝐼𝐼2 + 𝐼𝐼1

 

                (S1) 

Where 𝐼𝐼2 and 𝐼𝐼1 are the integrated intensities of the 5D1 and 5D0 emissions, respectively. 

There are a few exceptions to this procedure. For Y2O3, we record the decay curve of the emission 5D1 
and the full-range spectrum at 78 K, because in this case the 5D1 decay rate was slightly higher than 
the rate at 7 K, possibly due to differences in the decay rates of the crystal-field levels within 5D1. For 



LaBO3, the decay curve of 5D0 is multi-exponential at both 7 K and 78 K. We fit the decay curve 
measured at 78 K to three exponentials and used the average decay rate as 𝑘𝑘r,1. 

 

S2. The minimum in the temperature dependence of the intensity ratios 

Assuming that the feeding factor 𝛼𝛼 is one and 𝑝𝑝 > 1, the temperature at which Equation 5 in the main 
text goes through a minimum simplifies to 

𝑇𝑇min =
∆𝐸𝐸/𝑝𝑝

𝑘𝑘B ln �1 + �𝑔𝑔2𝑘𝑘nr(0)
𝑘𝑘r,1

�
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                 (S2) 

Solving this for 𝑘𝑘r,1 gives 

𝑘𝑘r,1 = 𝑘𝑘nr(0)𝑔𝑔2𝑛𝑛𝑝𝑝−1 

                 (S3) 

which implies that the intensity ratio reaches a minimum when the absorption rate of the higher-order 
phonons 𝑝𝑝 − 1 is equal to 𝑘𝑘r,1.  

 

 


