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Abstract

The phenomenon of energy transfer plays an important role in the development of luminescent materials,
especially materials used for manufacturing white LED.The process of luminescence at wavelength 542nm from
163+ doped in silica or LaF3 can be stimulated by ultraviolet light near 227 nm. However, the excitation
wavelength can be shifted to a more accessible value of 325 nm by co- doping Th3+ with Ce3+ ions. At this
wavelength Ce3+ ions absorb and then transfer the energy to the Tb3+ ions. This process involves the
stimulation of the donor followed by energy transfer to acceptor excitation radiation. System co-doped samples
Ce, Tb in Silica is made sol-gel method, system co-doped sample ions Ce, Tb in LaF3 is made by hydrothermal
method. After surveying the excitation spectrum, fluorescence, measured lifetimes empirical, applied theory
Forster, Dexter and computational models of Inokuti and Hirayama or approximate Reisfelds. We determined
the mechanism of energy transfer from Ce to Tb in Silica and in LaF'3.
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1. Introduction

Many theoretical and experimental studies
have been done on non-radiative energy transfer
since Forster first treated it theoretically [1], [4].
The process involves excitation of a donor
followed by transfer of the excitation energy to
an acceptor.

Forster developed a theory for the rate of
non-radiative energy transfer by electric dipole-
dipole interaction [1]. This was later extended by
Dexter to involve the higher multipole interactions
[2]. Dexter also created a model for shorter donor-
acceptor distances based on the exchange
interaction [2]. The transfer mechanisms differ
according to the dependence of the transfer rate on
the donor-acceptor distance. Inokuti and Hirayama
[3] developed numerical methods on energy
transfer that determine the mechanism responsible.
In this study, the theoretical calculations of Inokuti
and Hirayama [3] are implemented in MATLAB and
compared to experimental data to investigate the
mechanism of the energy transfer from Ce to Tb in
sol-gel silica fabricated by sol-gel method and in
LaF; by hydrothermal.
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2. Theory

The non-radiative transfer of an electronic
excitation from a donor to an acceptor can be
represented by:

D"+ A—> I+ A"

The transfer rate between the initial and final
states is given by:
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The integral represents the overlap between
the wuniversal donor (D) spectrum transmitter,
acceptor (A) the absorption spectrum. The emission
spectrum of the donor's normal fp(E) and normal
absorption spectrometry acceptor was fa(E). The
mechanism of energy transfer depends on the
interaction Hamiltonian.

If the donor and acceptor wavefunction
overlap, the quantum mecchanical intcractions causc
the delivery rate [5].
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Inside. t0 life expectancy in the absence of
donor acceptor, r is the distance between donor and



acceptor, RO the separation distance is important that
the energy is transmitted at the same rate it reduces
the luminescence in the absence of acceptor, and L
is a scaling factor corresponding to an effective Bohr
radius. The corresponding decay function d(t) after
excitation pulse is given by:
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For greater separation distance radiation
energy transfer can not occur through interactive
multi-clectrode, resulting in encrgy transfer rate [2]:
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S = 6 for dipole - dipole, quadrupole 8 and
10 to interact quadrupole-quadrupole.

3. Results and discussion

3.1. Interaction Mechanism of Energy
Transfer from Ce to Th Ilons in Silica

A series of 10 Ce, Tb co-doped silica
samples with a fixed concentration of Ce (0.5mol%)
and varying concentration of Tb from 0 up to 1
mol% were produced by the sol- gel method.
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Ce(NO3)3.6H20, and Tb(NO3)3.6H2O were used
as starting materials, ethanol (CpH50H) as a
solvent, and nitric acid (HNO3) as a catalyst. An
amount of 11.15 ml of TEOS (0.05 M) was mixed
with 10 ml of ethanoland stirred for 30 minutes,
after which 9 ml of water (containing 0.15 M
HNO3) was added. Stirring then continued for
another 30 minutes, after which the appropriate
amount of dissolved Ce(NO3)3.6H2O and
Tb(NO3)3.6H20 in ecthanol was added to the

mixture, which was stirred for a further 4 h. The
mixture was then stored in a closed container and
transferred to a water bath at 50°C until a gel was
formed. The gel was dried, crushed and annealed at
1000°C. Photoluminescence (PL) measurements
were made at room temperature at the University
of Da nang Duy Tan. Figure 1(a) presents the PL
emission of Ce and Tb for the samples having Tb
concentrations of 0.01 and 1 mol%. The reduction of
the Ce emission and increase of the Tb emission
while exciting the Ce shows that energy transfer
occurs figure 1(b).
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Figure 1: Sample fluorescence spectra of Ce-Th-doped copper fabricated by sol-gel method(a); schematic energy
tranfer from Ce to Th(b), decay lifetime (c)

Results INOKUTI theoretically calculate
and HIRAYAMA.

The reduced emissions and increased
emissions Ce Tb while stimulating Ce showed
energy transfer occurs. Table 1 shows the emission

intensity (I), the relative emission intensity I/lo,
lifetime tm and lifetime of the donor Ce relative to
the silica template system manufactured by sol-gel
method
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Table 1: Concentrations donor acceptor emission intensity, the lifetime of the silica.

Donor Acceptor Emission intensity donor Donor lifetime
sample | (mol% (%6mol)
I(a.u) I/lo 7, (ns) T /7,
SiMO0 0.5 0 51129.1 1 22 1
SiM1 0.5 0.01 48100.3 0.94076172 21.6 0.981818182
SiM2 0.5 0.02 44151.5 0.86352977 20.8 0.945454545
SiM3 0.5 0.04 40600.1 0.7940703 19.6 0.890909091
SiM4 0.5 0.08 30766.6 0.60174343 18.8 0.854545455
SiM5 0.5 0.1 33686 0.65884203 18.2 0.827272727
SiM6 0.5 0.2 25116 0.49122711 17.66 0.802727273
SiM7 0.5 04 17568 0.34360081 15.86 0.720909091
SiM8 0.5 0.8 9070.6 0.17740582 124 0.563636364
SiM9 0.5 1 7510.8 0.14689873 9.99 0.454090909

Figure 2 theoretical curves for the different
types of multipole interaction, and from this data onc
shows the plot of the experimental values of I/Io

versus 7, /7, compared to the can also see that the

0.8+

0.6 -

Ilo

0.4 -

0.2+

0.0
u

dipole-dipole interaction mechanism is the most
probably mechanism for energy transfer between Ce
and Tb in silica [6].
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Figure 2: Relative emission intensity I/Io vs lifetime decay 7 w/ T o of the donor.

3.2. The mechanism of energy transfers of
Ce, Tb-doped copper in LaF.

A series of 10 Ce, Tb co-doped LaF;
samples with a fixed concentration of Ce (1mol%)
and varying concentration of Tb from 0 up to 10
mol%  were  produced by  hydrothermal.
La(NOs);.6H.O and NaF was used as the starting

Figure 3 presents a SEM image of LaM2 and
LaM4. Charging on the insulating samples limits the
resolution of the images, so the particle shape is not
clear, but it can be seen that that the particle size is
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4(b) samgs oo

material Ce(NOs);.6H,O and Tb(NOs);.6H,O has
been added to doping. CioH42BrN (CTAB) additive
precipitation to control particle size. We take photos
with machine JEOL SEM (SEM) JSM-5401LV in
materials science center Hanoi National University.
LaM4 samples were incubated for 12 hours with 600
0

C.

less than 40 nm. Fluorescence spectra Ce, Tb-doped
copper in LaF; similar Ce, Tb-doped copper in silica
figure 4.
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Figure 4: Fluorescence spectra (a) decay lifetime, LaM1;LaM7;LaM8(b).

Results INOKUTT theoretically calculate and
Table2: Concentrations Donor acceptor emission intensity, the lifetime.

HIRAYAMA.

sample A(;czz;cjr A(;csﬁzr Emission intensity donor Donor lifetime
I(a.w) Ilo 7, (ns) T, / 7,
LaMO0 | 0 42383.3 1 11.815 1
LaM1 1 0.1 39787 0.93874238 11.59 0.980956411
LaM2 1 0.2 34688 0.81843556 11.144 0.943207787
LaM3 1 0.3 33973.9 0.80158695 10.906 0.923063902
LaM4 1 0.4 29686 0.70041738 10.374 0.878036394
LaM5 | 0.8 27299.5 0.64410983 10.152 0.85924672
LaMé6 | 1 18986 0.44795946 9.6 0.812526449
LaM7 1 2 6868.3 0.16205203 5.688 0.481421921
LaM8 1 8 3376.2 0.07965873 3.567 0.301904359
LaM9 1 10 1522 0.03591037 2.672 0.226153195

Curve which is redrawn on the graph by
means of digitization and to fit the experimental
data.

Figure 5 shows a graph of experimental value
of I/ Io compared to 7 /7 o the theoretical curve for
the different types of multi-polar interactions, and

from this data

one can see that the interaction

mechanism quadrupole - quadrupole mechanism of
energy transfer between Ce and Tb in LaF; matching
announced [7].
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Figure 5: The curve graph theory Inokuti and Hirayama value samples in LaFs

3.3. Determining the mechanism of energy
transfer approximate theoretical Reisfelds.
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Based on expressions

interaction energy

transfer and Dexter multipolar approximation of
Reisfeld, the following relationships can view [5]:

7o
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The values (Io /1) linearly proportional with C*
with n = 6, 8 and 10 corresponding to that
interaction. By examining fluorescence spectra of
the two systems to build relationships Io/I and C**
then use the appropriate software fit to find the best
linear dependence.
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Figure 6: Dependence Io/T of Ce** at (C™*) co-doped samples of Tb in Silica.
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Figure 7: Dependence Io/I of Ce** at (C™) co-doped samples of Tb in LaFs



On the basis of the Dexter's energy transfer
formula of multipolar interaction and Reisfeld's
approximation. We have concluded that the
mechanism of energy transfer from Ce** to Tb**
Silica according to the mechanism of bipolar —
bipolar and of energy transfer from Ce** to Tb*" in
LaF;under the quadrupole — quadrupole.

4. CONCLUSION

The mechanism of the energy transfer from
Ce to Tb in sol-gel silica and in LaF3 nanoparticles

via the hydrothermal method was investigated using
the Inokuti and Hirayama models or approximate
Reisfelds model . The relative emission intensity of
the donoras a function of the acceptor concentration
was found to fit well to the theoretical models
associated with the exchange interaction, the dipole-
dipole interaction in sol-gel silica and  the
quadrupole- quadrupole interaction in LaF3
nanoparticles via the hydrothermal method [6], [7].
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SO SANH CO CHE TUONG TAC PE TRUYEN NANG LUQNG TU ION Ce
DPEN Tb TRONG SILICA VA LaFs.

Ngé Vin TAm', Ha Xuén Vinh', Vinh Hao', Téng Viin Tuit', Poan Phan Thio Tién', V6 TAn Thong',
Vii Xuin Quang’

'Vien nghién cveu va vmg dung Céng nghé Nha Trang, Viét Nam. *Pai hoc Duy Tdn, Pa Néng, Viét Nam.

Tém tit

Hién twong truyén ndng luong dong mot vai tro quan trong trong sw phdt trién cia vat liéu phat quang
ddc biét cac vdt lidu dimg cho ché tao led trdang. Qua trinh phdt quang budc song 542nm tir Th** pha tap trong
silica hodc LaFs c6 thé dwoc kich thich bdng cach sir dung dnh sdng tia cuc tim bude séng ngdn gdn 227 nm.
Tuy nhién, cé thé kich thich huynh quang thudn loi hon béi bire xa co buéce séng 325 nm béing cach dong pha
tap cac ion Ce* cimg véi Th*™. Tai bude séng nay cdac ion Ce** hdp thu va sau do truyén nding liong cho ion
Th** . Qud trinh nay bao gom viéc kich thich cia donor sau do la truyén ndng luong kich thich lam cho
acceptor birc xa . Hé thong mdu dong pha tap Ce, Tb trong Silica dwoc ché tao bang phwong phdp Solgel, hé
théng mdu déng pha tap cdc ion Ce, Th trong LaFs duoc ché tao bdng phuong phdp thity nhiét. Sau khi khdo sat
pho kich thich, phé huynh quang, do thoi gian séng thuc nghiém, dp dung Iy thuyét Forster, Dexter, mé hinh
tinh toan ciia Inokuti va Hirayama, mé hinh gan ding Reisfelds. Chiing 16i xdc dinh co ché truyén ndng luong

tir Ce dén Th trong Silica va trong LaFs.

Tir khéa: Truyén ndng luong, silica, LaFs, dong pha tap Ce, Th.
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