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Fig. 1. (color online) Typical fluorescence intensity trajectories (red line represents fluorescence intensity and
silver-gray line represents background) and its histograms, and histograms of blinking rate for single QDs on
SiO2 cover glass and in ITO, respectively: (a) Typical fluorescence intensity trajectories (left) and histogram
of the fluorescence intensity (right) for single QDs on SiO2 cover glass; (b) typical fluorescence intensity
trajectories (left) and histogram of the fluorescence intensity (right) for single QDs in ITO; (c) histograms
of blinking rate for single QDs on SiO2 cover glass and in ITO.
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Fig. 2. (color online) Normalized probability density of on states (Pon(t)) and off states (Py(t)) for single QDs
on glass and in ITO. The solid lines are best fits by by a truncated power law Eq. (3): (a) Normalized probability
density of on states for single QDs on glass and in ITO, fitting parameters: glass aon = 0.445, 1/pon = 0.162; ITO
aon = 0.530, 1/pon = 1.640; (b) normalized probability density of off states (Pyg(¢)) for single QDs on glass and in
ITO, fitting parameters: glass aoer = 0.432, 1/pogr = 1.174; ITO aopr = 0.966, 1/pon = 0.264.
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Table 1. Fitting parameters of normalized probability density of on states (Pon(t)) and off states (Pog(t))

for all measured single QDs on glass and in ITO, respectively.

Qion 1/Mon/s Qoff 1/Hoff/s
QDs(Glass) 0.430+0.207 0.28940.171 0.580+0.314 0.83140.303
QDs(ITO) 0.549+0.194 2.320+1.320 1.0034+0.632 0.23940.125

3.3 BETFRlRKAEDIHIT

FIH TAC/MCA £ AR & T SiO4 B v K 1H A
BT ITO T AU eim i s i 2%,
X AT IR B G RIS T AU e A . R
BT AR B OCE BT AU SOt iE oY
RE I (2 R S5 S e Y TN R R 7 BT Ak 1 ST
IR PR ESE. 3 BoR T A AT
R ICHR S R £k, H 4 RS B SiO,
P R BR R T R B TR I R R, SRt
(B S BR824 T TTO A B 1 0 1 9 B 4R

SRR £, W B TR TR 1 2R DR R G A A AR
BB R AT (FWHM) 2158 750 ps. AT 1R
MATLAB F2 7 X6} B 1 79 b i 2 o it 26 ik 47
S G TR U B ek A . X R SLTH R )
R 1) 5 B S IR e ot 2 R DA G BUHE 2R 2
A,

I(t)zAuexp(—%l)+A2exp(—%), (4)
/ﬂ\:l:{j T1 %D T2 j‘jp‘uﬂdjl\%ﬁ'fﬁ, Al *D A2 ?yXﬂ‘FjE‘ﬂ%ﬁ‘ﬁ
BN, 375 BT o AR E Dy

wf:(AlﬁAQ>X1mW6(i:1ﬂ)

247803-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

32 % R Acta Phys. Sin. Vol. 64, No. 24 (2015) 247803

FEf/ASAY 0.86 F10.12 ns B v & 7 5l K0T A Fr £ XX
T=Y wi-T (i=1,2) JeTARSS AT A, S5 RER Y ITO - FARMRHA I th
i PR R T R IR A IO i KD, X

A AR 81 s IR BT 275 i 53R [26] T IR LA R — 2

B 3 1 Si0 5 Fr A i L 4 B s K A iy 40

100
G N T = 29.3 ns, w; = 83.3%, 72 = 0.86 ns,
wy = 16.7%, JRIEMBCT- 7565 T = 24.55 ns; E
4, Ay = | M2 A g
SR TITO R E TR EmilESH N n = U
10.2 ns, wy = 81.9%, 7 = 0.12 ns, wy = 18.1%, §
W INBLCT #7568 T = 8.38 ns. HAFE SiO, B B 14
RIMANS 28 T ITO H [ H & 1 RO RIS R R 1072k
()77 A8 (1) 29.3 F110.2 ns J6 T 8T &) S £ S
TR Ay 1920 596 F TTO 1 8L T £ 1% T e
/s 2 = p T e sk A 2B H B
A2 39 A i s U15020) SZ ORI R R XU FRYE I B e B SR B 2 (IRF AR SEH (28
BRGSO @i R B A R E)
e e [, e vy . A Fig. 3. (color online) Fluorescence decays and best bi-
i v 4 > s P
# E‘% o Jijlﬁﬁ{}& Hi 2 ZE‘X b E/J%% i fi (/J\ T1 HS) exponential fits of single QDs on glass and in ITO (IRF
ygx/?/%ﬁ%ﬁ&’l ﬁj‘ E,:] ﬁﬁ% LS E, iﬁ( /J\ E/‘J ﬁﬁﬁ (7'2) indicates instrument response function of system).
100.0f 10l ®
3 10.0
~ o
. b
A tH
= 1.0 i
0 10 20 30 40 50 60
YOHFr /ns
100.0 20
£ 10.0 15 o
= &
o &
710 ;‘f 10+
= 1%
S
0.1 51
0 0.2 0.4 0.6 0.8 1.0 0 0 10 20 ?;O ZiO 5‘0 60
w; (1=1, 2) PFHF /ns

K4 (MTRE) SR mER ) RINAEB AT ITO PRIFEAE 71, 2 5 R RIAE A (Kb LA R 2R
A — & T RN E) UEARIBINBF AR B () B 3R B ST S HF 6y 71, 7o 5 HX R RBCE 5
A5 (b) B R L 55 SRS IS fr G v AR IE (c) 825 T 1TO il i+ s &l 1, mo 5 HX R RCE
2305 (d) B2 T 1TO ik i 7 SRR ATt S HAIRE

Fig. 4. (color online) Distributions of lifetime 71, 72 in contact with their weights (the values connected by dotted
lines represent 71 and 72 of same QD) and histograms of the amplitude weighted average lifetimes for single QDs
on glass and in ITO: (a) Distribution of lifetime 71, 72 and their weights for single QDs on glass; (b) histogram of
the amplitude weighted average lifetimes for single QDs on glass; (c) distribution of lifetime 71, 72 and their weights

for single QDs in ITO; (d) histogram of the amplitude weighted average lifetimes for single QDs in ITO.
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Fig. 5. (color online) Schematic of relevant energy lev-
els for possible charge transfer pathways between QDs
and ITO (ket, the electron transfer rate from QDs to
ITO; Ep, Fermi energy; T}, trap state).
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Abstract

Single quantum dots (QDs) always exhibit strong blinking in fluorescence intensity when they are on some inert
substrates. The blinking activity is attributed to the photoinduced charging of QDs by electron transfer (ET) to trap
states in QDs and the surrounding matrix, which has been considered as an undesirable property in many applications.
Here, we use N-doped indium tin oxide (ITO) semiconductor nanoparticles to suppress fluorescence blinking activity
of single CdSe/ZnS core/shell QDs. The fluorescence characteristics of single QDs in ITO and on SiO2 cover glass
are measured by a laser scanning confocal fluorescence microscopy, respectively. It is found that the on- and off-state
probability densities of QDs on different substrates both can be fit by a truncated power law. Blinking rates for single
QDs on glass and in ITO are also calculated. By contrast, single QDs doped in ITO show that their blinking rate and
fluorescence lifetime both decrease. The on-state probability density of single QDs in ITO is approximately two orders
of magnitude higher than that of QDs on SiO2 cover glass. It means that single QDs doped in ITO have a longer time
to be on-state. Because the Fermi level in QDs is lower than in ITO, when they are in contact, electrons in ITO will
transfer to QDs. As a result, the equilibration of their Fermi levels leads to the formation of negatively charged QDs.
These electrons fill in the holes of QDs shell and enhance the on-state probability of QDs. Fluorescence decays of single
QDs on glass and in ITO are measured by TAC/MCA, and they can be fit by biexponential function. The two lifetime
values correspond to the single exciton lifetime and biexciton lifetime of QDs, respectively. It is worth noting that the
distribution of the amplitude weighted average lifetime for single QDs in ITO is approximately 41% of that for single
QDs on SiO2 cover glass and its full width at half maximum (FWHM) is changed to 50%. For the conduction band
potential of QDs is higher than that of ITO, which contributes to photoinduced interfacial electron transfer from QDs
to ITO and leads to the increase of nonradiative transition. These indicate that ITO can reduce single exciton and

biexciton lifetime of QDs. The study demonstrates that ITO can effectively suppress the blinking activity of QDs.

Keywords: single quantum dot, semiconductor nanomaterials, fluorescence blinking, fluorescence lifetime
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