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Fig. 1. (color online) The optical path of time-resolved

fluorescence test system.
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Fig. 2. (color online) The normalized RhB absorp-
tion spectrum and QDs photoluminescence. From top

to bottom are the photoluminescence of (a) QDsl,
(b) QDs2, (c¢) QDs3 and RhB absorption spectrum.
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Fig. 3. (color online) The steady state photolumines-
cence of QDs1-RhB mixture.
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Fig. 4. (color online) Two-photon fluorescence spectra
of QDs1-RhB solutions with different A/D concentra-

tion ratios.
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Fig. 5. (color online) Fluorescence decay curves of QDsl-
RhB solutions with variant A/D concentration ratios at

the fluorescence peak wavelength of RhB (575 nm).

#1 A A/D KK QDs1-RhB 1A b4 2 44k (1)
i
Table 1. The fitted fluorescence lifetime of QDs1 and RhB

mixed solutions varying with A/D concentration ratios.

FE QDs %t /ns RhB %¢H#1 /ns

RhB 1.92

QDsl1 2.99
QDs1&RhB1 2.21 1.95
QDs1&RhB2 1.86 1.99
QDs1&RhB3 1.84 2.06
QDs1&RhB4 1.81 2.13
QDs1&RhB5 1.81 2.18
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Fig. 6. (color online) The two-photon fluorescence i, % (a) RhBUE(E 575 nm A QDs WA, (b) 530 nm,
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Table 2. The fitted fluorescence lifetime of the QDs-

RhB solution with different QDs sizes.

e QDs %t 1r /ns RhB %67 /ns
RhB3 1.83
QDsl1 2.99
QDs1&RhB3 1.86 2.06
QDs2 3.07
QDs2&RhB3 2.10 2.12
QDs3 4.26
QDs3&RhB3 2.94 2.20
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Fig. 8. (color online) The principle of FRET.
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Table 3. The quantum yield Qp of different Qp’s sizes

and their corresponding spectral overlap integral J(\).

FE b BT™EQp/% J(A)

QDsl1 11.0 7.25 x 1016
QDs2 4.70 5.00 x 1016
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Fig. 9. In the QDs1-RhB mixed solution which vary-
ing the A/D concentration ratio, (a) the fluorescence
lifetime of RhB, (b) the fluorescence lifetime of QDs1
and (c) the FRET efficiency of QDs1-RhB.
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Ro, VAR b -2 A5 R B r

Table 4. The FRET efficiency E, Forster radius Ro
and the donor-to-acceptor distance r of QDsl-RhB

mixture solutions.

FRET %% Forster 242 bk -S4k xd 2

Ff it
E/% Ro/nm r/nm
QDs1&RhB3 38.0 7.40 8.03
QDs2&RhB3 31.6 6.03 6.85
QDs3&RhB3 30.8 5.56 6.36
4 % ®

SEESHEFT T ROLF UK N QDs-RhB 7K % W)
R FRET $5 0, J Hi i i (8] 2 3% 5% 6 45 #r
RGNS & 125 FF r, 43 8] T # 5 1 FERT
e, BT ESF 7 QDs1&RhB, QDs2&RhB
A1 QDs3&RhB ] Forster 1% R 435l 4 7.40, 6.03,
5.56 nm. LI FNEIR T S T AEAH F SRR R
Forster ¥4 Ry AYG 1 ESFEE R IELL R R, B R
(1] Ro 7= Wk 35 TE AL R - 52 o6 v 2L A B8 v 1) AT e
FeSZHLFRET. W4k, FRET 2K BE% A/DIKE L
(4% = A BTN, FFE 2T 40.1% IR Rk
QDs-RhB 14 Z 44 75 AL P 2 . e L 38 1R S5 sk
A AR 5
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Abstract

Fluorescence resonance energy transfer (FRET) is non-radiation energy transfer that occurs between a donor (D)
molecule in an excited state and an acceptor (A) molecule in a ground state by dipole-dipole interactions. The efficiency
of FRET is dependent on the extent of spectral overlap between the donor photoluminescence peak and the absorption
spectrum of acceptor, the quantum yield of the donor, and the distance between the donor and acceptor molecules. Cur-
rently, FRET is commonly used for determining the metal ion, analyzing the protein, biological molecular fluorescence
probe, etc. In this study, the FRET between CdTe quantum dots (QDs) with different sizes and Rhodamine B (RhB) in
aqueous solution is investigated by using the time-resolved fluorescence test system under two-photon excitation. In this
two-photon FRET aqueous system, QD is used as donor while RhB as acceptor. The time resolved two-photon photo-
luminescence and fluorescence lifetime measurements are performed for analyzing the two-photon-excited luminescence
by using a titanium sapphire femtosecond laser with a wavelength of 800 nm, pulse width of 130 fs, repetition frequency
of 76 MHz, with the power fixed at 500 mW. The fluorescence spectrum is measured by fluorescence spectrometer and
the fluorescence decay curves are recorded by single photon counter. Besides, the steady state photoluminescence is also
studied with a JASCO FP-6500 Fluorescence Spectrometer. The result shows that with the increase of spectral overlap
of the CdTe emission spectrum and the Rhodamine B absorption spectrum, the FRET efficiency of the QDs-RhB system
becomes higher. Specifically, the fluorescence intensity of QDs decreases and the lifetime of QDs becomes shorter while
RhB shows the opposite tendency. By means of the Forster theory of energy transfer, the spectral overlap integral J(\),
Foster radius Rop and the FRET efficiency E are calculated and the FRET characteristics of QD-RhB system is charac-
terized. Theoretical analysis reveals that the physical source is the increase of the sample’s Forster radius. Moreover, the
relationship between the ratio of acceptor/donor concentration and the FRET efficiency is investigated experimentally.
When the ratio of acceptor/donor concentration increases, the lifetime of QDs turns shorter, and the FRET efficiency of
the QDs-RhB system becomes higher. The two-photon excited FRET efficiency can reach 40.1% when the concentration
of RhB is 3.0 x 107> mol-L~!. This study shows a brighter future in biological and optoelectronic applications.
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