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Abstract

The main purpose of this work is proposing a new method of using non-isothermal formal kinetics analysis to predict the lifetime of luminesce
complex materials. The Eu(lll)-phenanthroline complex doped xerogel has been in situ synthesized by a catalyst-free sol-gel method.
photoluminescence spectra and TG curves of the xerogel verify the formation and decomposition of Eu(ll)-phenanthroline complex in xerogel. T
decomposition of the xerogel formally occurs in three steps. The Friedman and FWQO isoconversional methods and multivariate non-linear regres
method are used for formal kinetic analysis. The overall decomposition process belo@ i8dlted by three-step consecutive reaction. The best
fitted model for each step is, i order reaction, the corresponding functféw) is (1 — «)"). Correlation coefficient is 0.99956. The lifetime values
of xerogel at different temperatures are predicted based on non-isothermal kinetic models by the 5% decomposition of europium organic comg
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Consequently, the available kinetic information is physically
meaningless. So more attention should be drawn to the formal
Great interest has been attracted to the properties of larkinetic analysig7], in which the reaction rate is an empirical
thanide organic complexes since Leih proposed that lumi-  function of time and temperature, and the real reaction mecha-
nescent lanthanide organic complexes could act as efficiemism is not essential. Real reaction steps are often put together
Light Conversion Molecular Device (LCMD). Most of those to one formal step, sm (order of reaction) can show arbitrary
researches are interested in the synthesis and luminescence preglues. Its main goal is the precise mathematical description of
erties of materials; however, there is only limited research on théhe complete range of reaction and based on this to get reliable
lifetime of luminescence lanthanide complek&s4], which are  predictions.
the main hindrance to their application. Kinetic analysis of ther- For practical application, luminescence lanthanide organic
mal analysis data, an important tool for estimating the thermatomplexes are often doped into different matrid8s-10].
stability and shelflife of drugs], has been used to make kinetic Eu(l1l)-phenanthroline complex [Eu(pherif] doped xerogel
analysis and predictions of lifetime of lanthanide organic comdis an important system and has attracted much research atten-
plexes[2—4]. tion [8,9]. In this work, the [Eu(phen$*] doped xerogel was
It is difficult to express exactly the concentration profile in used as an example and a new method of using non-isothermal
the solid particle. Simplified models of reactant/product inter-formal kinetics to predict the lifetime of luminescent materials
face movement in hypothetical bodies must be introduced invas proposed.
the kinetic analysis. Thus, traditional force-fitting kinetic anal-

ysis methods are likely to conceal the kinetic complef@y
2. Kinetic consideration
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analysis of processes in solifi,11]. Model-free isoconver- 100
sional methods allow for evaluating Arrhenius parameters with-
out choosing the reaction model. These methods are based on 95

the isoconversional principle that states that the reaction rate at ; —_______ dopant-free xerogel
a constant extent of conversion is only a function of the temper- 90 I— o
ature[12]. 9 -
M — _ﬂ 1) é % dopant-contained xerogel
d7-1 R 8
=

(Henceforth, the subscript indicates the values related to a
given extent of conversion).

From Eq. (1), the differential isoconversional method of
Friedmari13]and the integral isoconversional methods of Flynn

75

1

and Wall[14] and Ozawg15] can be obtained at Eq2) and 0 100 200 300 400 500 600 700 800
Eq. (3), respectively Temerature (°C)
dor Eq Fig. 1. The TG curves of the undoped and the complex doped xerogel at
In ( = Const— —— @ 20°Cimininair
o

In(8) = Const— RE; (3) 4. Results and discussion

o

The conclusion by some that model fitting is a poor approac-I. Thermal decomposition

is largely due to improper use of model fitting, such as fitting

a single heating rate or multiple heating rates separtély The thermal decomposition TG curve of an undoped sample
Compared to the single curve analysis, the quality of fittingis compared to that of the doped xerogefig. 1. Itis observed
models simultaneously to multi-thermal history data diminisheghat the thermal decomposition of the undoped sample has two
considerably for the non-applicable reaction types, so the dissteps. The mass loss below 2%Dis resulted from the absorbed
tinguishability between the individual reaction types improveswater of xerogel during the storage, and that above°80(
drastically[17]. Multivariate non-linear regression is based onascribed to the decomposition of silanol. The thermal decompo-
multiple heating rates, making the assumption that the paraméition of the doped xerogel below 809G occurs in three steps.

ters of the model are identical for measurements at all heatinghe first step (below 250C) has a mass loss of about 11%,
rates[17]. It has recently attracted much intergkt,18]. also resulted from the absorbed water of xerogel during the stor-

age. The second and the third step (above°Zjoth have a
mass loss of about 9%, corresponding to the decomposition of
a phenanthroline ligand and a little silanol. It is assumed that
The starting materials for preparation of the silica areth final products after decomposition at 8@are SiQ and
tetraethoxysilane (TEOS), absolute ethanol and deionized wate?!O2/EleOs for undoped sample and complex doped xerogel
They were mixed at the ratio ef£os cethanol cwater= 1:4:4. The respectlve_ly, then their mass loss above ‘ZSOeIatlv_e to the
preparation process was under neutral pH condition, no acid grass retained are 3.0% and 24.3%. So the experimental mass

base added. The sol was stirred for 1 h at room temperature, afRfS for éuropium complexis 21.3%, which is close to the theory
then with continuous stirring, 3 mol% EugiH,0, and 6 moloe  value 20.4% of the decomposition of doped Eu(ph€iy com-

1,10-phenanthroline ethanol solutions were added into the sdp!€X 0 EbOs [8]. TG/DTG/DTA curves of xerogel at a heating
The molar ratio ofTeos cethanolOf the final sol is 1:8, and the rate of 20°C/min in air are shown irFig. 2. It is shown that

pH is 6-7. The mixed solution was vigorously stirred for 1 h andth€ decomposition of the third step is exothermic, which indi-
subsequently kept in a sealed Petri dish at@antil the onset cates the oxidation of some ligands. TG curves of the thermal

of gellation. After aging at 40C for 1 week, the gel was dried Qecc_)mposition of xerogelg in air at fqur heating rates are shoyvn
at 80°C for 10 h. The xerogel was heated at 2@or 450°C N Fig. 3. The mass loss is almost independent of the heating
for 5 h, respectively. rates.
Photoluminescence excitation and emission spectra and flu-
orescence lifetimes were recorded at room temperature with42. Photoluminescence properties
Hitachi F-4500 fluorescence spectrophotometer equipped with
a 450 W xenon lamp as the excitation source. Photoluminescence excitation and emission spectra of xero-
Simultaneous TG-DTA measurements were performed on gel are shown irFig. 4. The sharp peak centered at 466 nm
Netzsch STA 449C thermal analyzer. Experiments were carrieih the excitation spectrum is attributed {6o—°D, f—f tran-
out in static air, at heating rates of 1, 5, 10 and@0min. The  sition of E?* ion. The broad and strong excitation band at
sample is the xerogel after heated at 2G0and the mass was about 210-410 nm is attributed to the excitation of organic lig-
kept at about 6 mg. and, which indicates the efficient energy transfer from ligands to

3. Experimental
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Fig. 2. TG/DTG/DTA curves of xerogel at a heating rate of @dmin in air. 3000

europium ions. Five bands associateddg— ’F; (i = 0—4) spin ] 2
forbidden f—f transitions of Eif, respectively, can be observed

in the emission spectra. Almost all the emitted light is emitted
through the E&" ion, since there is little luminescence between
400 and 500 nm, which is correspond to the emission from the
triplet state of phenanthroline. All these indicate the formation
of Eu(phen)3* complex in the xerogel after heated at 2@¥or

5h. After heated at 450C for 5 h, the luminescence intensity
excited from the organic ligands decreases and the fine struc-
ture of °Dg— ’F» transition disappears, indicating the partial
decomposition of Eu(lIl)-phenanthroline complex. 0+
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4.3. Kinetics analysis 400 450 500 550 600 850 700
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3.1, Estimation of the activation energy E i Fig. 4. (a) Photoluminescence excitation (monitored at 611 nm) and (b) emission
Both Friedman and FWO methods are applied to calculate thepectra (excited at 297 nm) of xerogel.
dependence df on« (fractional mass loss), and the calculated

values of the apparent activation energy at different extent ofyese activation energies are reliable and close to the real val-

conversion are presented~ig. 5. o . ues. Three steps can be distinguished from the dependence
According toFig. 5, the apparent activation energies cal-of £ on extent of conversiom, and the average values of

culated by Friedman and FWO methods are very close. Sgach step are listed iflable 1. The region between the first
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Fig. 3. TG curves of xerogel at different heating rates in air. Heating rates ar€ig. 5. Calculated apparent activation energies using the Friedman and FWO
1, 5, 10 and 20C/min (from left to right). methods plotted against the extent of conversion.
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Table 1 Table 3
Average-activation energiésat different reaction steps calculated by Friedman The lifetime values of xerogel at different temperatures
and FWO methods —
T(°C) Lifetime (h)
Zone of extent of conversion 0.1-0.3 0.4-0.65 0.70-0.90
AverageE 160 13100
Friedman method 91.9 160.5 176.9 i?g Zgig
FWO method 90.0 162.8 179.3
175 2960
180 1840
185 1160
step and the second step ¢tose to 0.35) has relatively large 190 736
195 472
error.
200 305
205 200

4.3.2. Determination of the kinetic model

Multivariate non-linear regression method is applied to for-
mal kinetic analysis. Four dynamic measurements run at heatirgy Conclusions
rates of 1, 5, 10 and Z@/min are brought together during ]
the analysis. According t&ig. 3 and the activation energy 1h€ Eu(lll)-phenanthroline complex doped xerogel has been
dependence obtained by isoconversional methods, the overdl Situ synthesized by a catalyst-free sol-gel method. The
decomposition process below 80D formally occurs in three TG curves and Iumln_escence spectra indicate the formation of
steps. So itis fitted by three-step consecutive reaction. A regioku(Phemy®* complex in xerogel after heated at 28D and the
is set for the activation energy of each step according to th@artial decomposition after heated at 48D The decomposi-
apparent activation energies calculated by Friedman and FwéPn of the xerogel occurs in three steps. The apparent activation
methods. The scaling values for three steps are 90-92, 160—168€rgies calculated by Friedman and FWO methods are very
and 176-180 kJ/mol, respectively. The best fitted model for each0S€; and the concrete values for three steps are about 90-92,
step is F; (n order reaction). Correlation coefficient is 0.99956. 160-163 and 176-180kJ/mol, respectively. With multivariate

The corresponding functigii) of F, is (1— )", and the kinet- non-linear regression method, the overall decomposition pro-
ics parameters of each step are listedable 2. cess below 800C is fitted by three-step consecutive reaction

of F,. The fittedn, E and lgA of the first step are 5:80.2,
o o 91.9+4.3 and 12.28& 0.69 kJ/mol; those of the second step
4.4. The prediction of lifetime are 6.4+ 0.5, 160.1 7.5 and 10.74 0.66 kJ/mol; those of the
) , i finalstepare 1.5 0.1,179.9+ 5.2 and 8.8 0.35 kJ/mol. The
According to the fitted models, the isothermal decomposiyitatime values of xerogel at different temperature (predicted by

tion behavior and the lifetime at different temperatures can b‘?ne 5% decomposition of europium organic complex) indicate

predicted. From the isothermal prediction, it is obtained thagy ¢ the xerogel may find application at temperature below about
the drastic mass loss corresponding to the dehydration is abogbooc, and at this temperature zone, the lifetime is very sensi-
10.85% and the mass retained after the complete decompositicﬁ(}e to the minor change of temperature.

of organic complex is about 70.66%. Since the decomposition
of luminescent Ianthanlde cc_JmpIex is in agreement _W|th theAcknowle dgement
decrease of the luminescent inteng8y; the decomposition of

the doping complex can be used as an indicator of the lifetime We gratefully acknowledge that this work was supported by

of th_e xe.rogel. Refern_ng _to the est|mat|n_g of s_helf life of drugsNational Natural Science Foundation of China (20071026).
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