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Introduction 

Phosphors are known to fluoresce when exposed to 

ultraviolet light from a nitrogen laser. The various 

discrete wavelengths of light emitted from the 

phosphor each have a specific lifetime associated 

with them.  These lifetimes vary with temperature.  

This effect allows one to measure the temperature 

of an object without coming into contact with it. 

The procedure described here can be used for 

various applications in engineering and physics for 

which temperatures are not easily obtained. 

Data and Results 

Data was collected by allowing the 514nm light to 

strike a photomultiplier tube whose output was 

connected to an oscilloscope.  An example of a 

typical output signal is shown below: 

 

 

 

 

 

 

 

 

 

 

The data was then transferred to a computer for 

analysis using Microsoft Excel. Once the data was 

imported into a spreadsheet, an exponential curve 

fit was done to allow for the calculation of the 

lifetime. The data was fit using the following  

mathematical equation: 

 

 

where I is the intensity, I0 is the initial intensity, and 

k is the decay constant. An example of a curve fit is 

shown below. 

 

 

 

 

 

 

 

 

 

 

 

The lifetime can be calculated by taking the inverse 

of k. This procedure was done for temperatures in 

the range of 265K - 320K in increments of 5K. The 

table to the right gives the measured lifetimes for 

the 514nm wavelength in this temperature range. 

 

 

 

Theory 

The temperature dependence of fluorescent 

lifetimes in europium doped phosphors is caused by 

different de-excitation pathways at high 

temperatures.  At a given temperature, only certain 

vibrational states are allowed.  One can think of the 

europium atom as being attached to its neighboring 

atoms by a spring.  As temperature increases, more 

vibrational states become occupied.  At low 

temperatures, the only de-excitation pathway is 

through the emission of a photon (i.e. fluorescence). 

However, at high enough temperatures, the lattice 

can reach what is known as the charge transfer state 

(CT).  The CT state intersects the ground state 

potential energy curve at a certain energy. The 

Diagram below illustrates this intersection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  At this point, energy is then transferred to the 

lattice through vibration and not fluorescence.  As 

the temperature is increased, the rate at which this 

process occurs increases.  As a result, both the 

intensity and the lifetime of the emission decreases.  

The lifetime of an emission is defined as the 

amount of time required for the fluorescence 

intensity to drop by a factor of 1/e. In this 

experiment, the temperature dependence of  the 

lifetime for the 514 nm wavelength emitted from 

the  phosphor La2O2S:Eu was measured.  

 

 

 

 

 

 

This data indicates that as the temperature increases, the 

lifetime for the 514nm wavelength emission for La2O2S 

decreases.  This allows one to measure the temperature 

of the phosphor by simply illuminating it with UV light 

and measuring the lifetime . 
 

Conclusion 

This study shows that the lifetime of the fluorescence 

for the phosphor La2O2S is clearly dependent upon the 

temperature of the phosphor.  In particular, the 514nm 

emission which was studied in this experiment shows 

this relationship very well.  

For future work, wavelengths other than 514nm could 

be studied to see if they possess similar behaviors  to the 

514nm wavelength.  

The temperature of the phosphor is assumed to be 

the same as that of the aluminum block. The 

temperature of the aluminum block was controlled 

by placing a thermoelectric device under the 

aluminum block to raise and lower its temperature. 

The current that the thermoelectric device uses to 

heat or cool was controlled by a MyDAQ from 

Texas Instruments. The MyDAQ outputs the 

necessary voltage needed to change the temperature 

of the phosphor to a certain temperature. To insure 

that the correct voltage was being output by the 

MyDAQ, a LabVIEW program was written to 

calculate the necessary voltage based on the blocks 

current temperature. The range of temperatures 

achieved by the device were between 265-338K. 

This allowed for a wide range of temperatures in 

which to measure the fluorescent lifetime of the 

514nm wavelength. 

Experiment 

To excite the phosphor and  allow it to fluoresce, a 

nitrogen laser with an output of 337nm was used.  

The UV laser light from the nitrogen laser was 

focused onto the phosphorous  sample via a 

cylinder lens.  The incident UV light causes the 

phosphor to emit photons.  This emitted light is 

then focused by a 100mm lens onto the entrance slit 

of a monochromator that allowed for the selection 

of the 514nm wavelength .  A diagram and picture 

of this apparatus is given below. The phosphor itself 

was mounted onto an aluminum block in which a 

thermistor was inserted. The thermistor allows one 

to measure the temperature of the aluminum block. 

 

The data given in the previous table was used to make a 

plot of lifetime vs. temperature.  This plot can be seen 

below. 
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