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Abstract: High-performance tunable luminescent materials activated by rare-earth ions, as well as
studies on the involved physical mechanisms, are the emphasis and difficulties of design and devel-
opment of novel luminescent materials and optoelectronic devices. Thereinto, fundamentally unveil-
ing the energy transfer processes induced by the sophisticated interionic interaction has been a vital
research problem for the rare-earth luminescent materials. Monte Carlo simulation is a statistical
simulation method that relies on huge amounts of repeated random samples to acquire numerical re-
sults. In the research field of rare-earth luminescence, Monte Carlo method has become a critical
tool to systematically study the interionic energy transfer mechanisms by fully considering the crystal

structures, rare-earth-doping behaviors, decay dynamics of fluorescence, etc. In this paper, we
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first introduce the basic principles and modeling methods of Monte Carlo simulation. Then starting

from the interaction mechanisms and geometrical factors of determining energy transfer processes,

we generalize the research progresses using Monte Carlo method to fundamentally study the energy

transfer modes. At last we give a brief summary as well as a short prospect on the applications of

Monte Carlo simulation in investigating rare-earth luminescent materials.
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(a) Sequential charge transfer

(b)Dipole-dipole coupling

(¢) Cooperative energy transfer
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Fig. 1 Decay curves of Ce’ :5d—4f emission at 530 nm for YAG: 1% Ce**,x% Yb*'(x=1, 2, 5, 10, 20) upon pulsed laser ex-

citation at 445 nm. Dot lines refer to the experimental data. Solid lines refer to Monte Carlo simulation: (a)fit to the model

of a single-step energy transfer mechanism via a CTS, (b)single-step energy transfer via dipole-dipole coupling, (c¢) co-

: : [36]
operative energy transfer mechanism ™.
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states. Dot lines are the experimental data, and solid lines in (d)—(f) show the results of a fit to cross-relaxation energy

transfer via dipole-dipole coupling™”’.
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(a)—-(b)Emission and excitation spectra of YBO,:0.1%Tm",2%Yb"". (¢)—-(d) Cooperative energy transfer involves the
P 3 P gy

distribution of energy in Tm> :'G, excited state over two nearby Yb™ ions. (¢)—(f) A Tm* ion excited into the 'G, level

can alternatively transfer part of its energy to a single Yb neighbor via phonon-assisted cross-relaxation. (g)—(n)Tm*-

to-Yb™ energy-transfer dynamics versus Yb™ concentrations in YBO,((g), (k)), YAG((h), (1)), Y,0,((i), (m)),

and NaYF,((j), (n))"™".
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(a)A Th" donor ion(blue) is surrounded by shells of nearest neighbors, next-nearest neighbors, etc. (b)Donor ions situ-
ated in proximity of the nanocrystal surface have incomplete shells. (¢)—(f) Distribution of energy-transfer efficiencies 1
in bulk YPO,: Th*, Yb* with doping contents of 25%, 50% , 75% and 99%. (g)—(j) Distribution of energy-transfer effi-
ciencies in octahedral shape YPO,: Th™, Yb* nanocrystals. (k) A two-dimensional cross-cut of the octahedral nanocrys-
tal. (1)-(o0) The distribution-averaged energy-transfer efficiency is governed by the position of the donor within the nano-

crystal'®’.
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Fig. 6

Schematic diagram of the typical upconversion(UC) mechanisms(a), and the UC process in the dopant ions’ spatial sep-

aration (DISS) nanostructure (bh). (¢) Schematic representation of the UC process in the YbEr@Yb@Nd DISS upon 800

nm excitation. (d) TEM image (left) , expanded area of TEM image (upper right) and Fourier-transform diffraction pat-

terns (lower right) of the YbEr@Yb@Nd nanostructure. (e) Dependence of 540 nm UC emission traces on the energy mi-

gration distance. (f) The influence of Yb** concentration in the middle layer(ca. 2.5 nm) on the 540 nm UC emission traces
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