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Abstract: Both the temperature senang scheme FIR and FL has been compared on the bass of the
experimentdly observed data from Eu®* doped cdibo glass having the energy level separation
(OE~1725cm?) between the two °D; and °Dg levels. On the basis of the error estimations and the
sengtivity values as observed it is concluded that the FIR technique would be the better one to monitor
the temperature over awide range 298-550K temperature compared to the FL technique.

Keywords: Huorescence lifeime; FHuorescence intendty ratio; Triply ionized europium; Sengtivity;
Quantum efficiency; Upconvertors

1. Introduction

Triply ionized europium with 4f° dectronic configuration has a regular 'F multiplet as its ground state
followed by a °D multiplet as its first excited state. The second component of the ground multiplet “Fy
is only ~360cm* above the ground state ‘Fo hence the thermal populations even a the norma room
(~300K) temperature may not be ignored and due to this reason the absorption trangtions arisng from
both the "Fo and ‘F1 level are seen. The transtions starting from the 'Fy level are observed in the
absorption spectrum at liquid nitrogen temperature [1, 2]. Triply ionized europium is one of the most
widdy sudied rare earth ion incorporated in glassy/crysdline hosts for its radiative properties and
used in many optical devices such as phosphors, upconvertors, opticad fiber amplifiers etc. [3-10]. The
absorption and fluorescence spectra of the europium ion are sendtive to the environment of the host
and therefore, the triply ionized_europium ion can be specidly used as a probe for finding the loca
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sructure around the rare earth ion in a cystd or a glass, due to the rdative smplicity of its energy
level structure with a non degenerate ground state ‘Fo [11, 12]. Triply ionized europium embedded in
opticd fibers/glasses has dso been utilized for monitoring the temperature with agppreciable
sengtivities[13-16].

2. Experimental

The chemical compositions of the calibo glasses doped with Eu** is as follows:
(70-x) H3BO3 + 20 Li,CO3 + 10 CaCOs3 + X EupO3

where x= 0.50, 0.75, 1.0 and 1.25 mol%

Homogeneoudy well mixed sample is put in a plainum crucible a 800-1000°C for an hour. The melt
was cooled to room temperature to get a properly annealed glass of desired shape and size. The non
crydaline behavior of these glasses has been tested through X-ray diffraction. For fluorescence
measurements 476.5nm line of an Ar* laser with 150mW power has been used as an excitation source

and the fluorescence was dispersed using a 0.5m Spex monochromator attached with a 1P21
photomultiplier tube.

3. Results and Discussion

The energy levd diagram for the fluorescent EU®* ion is shown in Fig 1. If the rate of relaxation

between the two upper levels 2 and 1 due to the rapid thermdization is very smdl, the thermaized
fluorescence lifetime may be given by [17] as

1+b,,

t=(—2
A&O + A20b21

) @

where Az and Ajo are the spontaneous transition rates corresponding to the two levels 2 and 1.
bo1 = (g2/01) exp (-AE21/KT), is the ratio of the population in levels 2 and 1 a equilibrium. g, and g; are
their respective degeneracies, k the Boltzmann's congtant and T is the Kelvin temperature.

_I L=
‘ £AE21-1725 eml

Asan AB10 Ao :
~23714.54 .=-.:e-.4:--1! ~-358.18 sec-1

A - S~

Fig. 1. Energy Level Diagram of Eu* ion,
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The fluorescence intensity ratio of the two transitions resulting from the two levels 2 and 1 to the @
level can be defined as

g ,S ,, W 45 e_kT— e'—
ARR)= g .5 . w =B | @)

10 10

where B= 222200 _1g 0g

gls lO\Nlo

From equations 1 and 2 it may be visudized that both ‘6’ and ‘FIR’ are independent of the source
intengity, which is an essentia condition for any temperature monitoring scheme.

The spontaneous emission transition probabilities for the °D; and °Dy levels of EU®* are ~2814.84sec™
and ~358.18sec’? respectively [18]. The resultant fluorescence lifetime at lower temperatures is noted
to be gpproximaely the same as the radiative lifetime of the Dy level. The resultant fluorescence
lifetime a room temperature (300K) is caculated usng equation (1) and the vaue thus obtained is
~2.66ms. The lifetime of Do levd a different temperatures monitored and found that they decrease
with increasing temperature caused by the increased non-radiative rel axation rates.

One condders ‘6 / ¢’ {the rdio of the thermdized lifetime ‘@' from equetion (1) to the lifetime (61) of
the lower (°Do) leve} in the fluorescence lifetime method and a plot of the same ie 6 / & versus
temperaiure is shown in FHg 2. It is observed that the heoretical and the experimental vaues differ by
not more than ~20%.
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Fig.2. Variation of lifetime ratio with temperature.

The variaion of the FIR with temperature is shown in Fig 3 The difference between the experimentd
and the theoreticd vaues is not more than ~6.05% for the given temperature range. It is observed from
Hg 2 and Fg 3 that the variations with temperature for the two methods are much different. It is aso
necessary to compare the sengtivities S for the two techniques:
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1) The sengitivity of the fluorescence lifetime may be given as

2. % 9
1Mt _e 1 9; A, +DE,
E% = - = 1- E - 2 (ED
ty g 1+b21581+ib21;kT
e 0 a

2) Sengttivity (S) of the Fluorescence intengity ratio can be obtained from

s-1IR_DE, @
RIT  KkT?
The quantum efficiency may be given as
t €X]
= t—p ®)

rad

The vaues for Gxp and Gag for 1.0mol% Eu** doped calibo glass are 1.04 ms and 2.79 ms respectively
[18]. The quantum efficiency for the present caseis observed to be ~ 37 %.
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Fig. 3. Variation of FIR with temperature.

The sengtivities of both the techniques using equations 3 and 4 have been caculated and are noted to

be ~0.01448 %/K and ~2.75 %/K a room temperature (300K) respectively. Thus, it is clear tha
though both techniques may be used to monitor the temperature but for higher temperature region (i.e.

>400K) the FIR technique would be superior compared to the FL technique.
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4. Conclusions

Sensng behavior of both the techniques has been compared on the bass of the experimentaly
observed data It is found tha the fluorescence intendgty ratio technique for the present sysem (with
quantum efficiency ~37%) can be used to monitor the temperature for low as wel higher temperature
region with high precison compared to the fluorescence lifetime.
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