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The luminescence properties of the composite system based on colloidal CdSe/ZnS core shell quantum dots and GaAs nanowires
under continuous laser irradiation are investigated. The phenomenon of photoinduced luminescence enhancement under various
gaseous environments is shown. In addition to the previously reportedmechanisms of the photoluminescence enhancement, a new
one which is connected to the quantum dots losses of vibrational energy during the collisions with molecules of external gases is
proposed.

1. Introduction

Inorganic hybrid nanostructures containing two or more
nanocomponents have attracted significant attention in
recent years due to their great potential for functional
nanoscale electronic and optical devices [1]. For example,
structures that combine the nanowires (NWs) and colloidal
quantum dots (QDs) are expected to have more functional-
ities and superior properties providing applications in many
practical devices, such as photodetectors and solar cells [2–4].
Recently, in [5] we have demonstrated the possibility of fabri-
cating a composite system based on colloidal CdSe/ZnS core
shell QDs deposited onto an array of GaAs NWs. Compared
with planar substrates the developed surface of NWs array is
provided with the retention of a large number of QDs and as
a result with an increase of the photoluminescence (PL) effi-
ciency of QDs per unit area as well as a temperature stability
of PL. At the same time, the luminescence quantum yield of

QDs depends on many factors (including technological) that
may lead to decrease of the quantum yield. In our case,
the emissivity of the investigated composite structure signif-
icantly depends on external factors, as evidenced by our dis-
covery of the effects of PL enhancement at the ambient condi-
tions and PL quenching under vacuum. A significant number
of studies have been reported where the photoinduced
fluorescence enhancement behavior of CdSe/ZnS QDs under
gaseous environments was investigated. However, a consen-
sus on the PL enhancementmechanism has not been reached
since different conditions have been used in these studies
(e.g., gaseous environments, ligands, and various substrates).
Previously proposed mechanisms include passivation of sur-
face states by photoabsorbed molecules [6, 7], photoneu-
tralization of local charged centers [8], photoionization of
QDs [9], and photoinduced structure transformation of QD
surface [10]. To understand the origin of the effects observed
and fabricate more effective emitters based on previously
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proposed hybrid system it is necessary to investigate PL
kinetics peculiarities at different gaseous environment in a
view of surface photochemistry and optical properties of this
composite material. In this paper, we carried out the detailed
study of the PL kinetics of the composite structure in a
vacuum and at the presence of various gaseous environments
(air, nitrogen, and xenon) under laser excitation.

2. Materials and Methods

The composite structures were fabricated following pro-
cedure described in [5]. Briefly, at the first stage, GaAs
NWs were grown on GaAs (111)B substrate in an EP-1203
molecular-beam epitaxy system [11]. The average height and
diameter of the NWs are 250 nm and 20 nm, respectively,
and the array density is 109 cm−2. Then, a solution of QDs in
toluene with a concentration of about 10−6M was deposited
onto the substrate with grownNWsusingmicropipette. From
the HRTEM analysis, as was shown in [5], entire surface of
the NW is covered by a uniformly thick (15 nm) amorphous
layer consisting of an array ofQDs attached to theNWsurface
via trioctylphosphine oxide (TOPO) molecules. The average
spacing between the QD centers is 6 nm. The optical prop-
erties of the NW/QD hybrid system were studied using a PL
setup based on a monochromator with a focal length of 0.5m
and an aperture ratio of 1/6.5 equippedwith a diffraction grat-
ing with 600 grooves/mm.The PL was excited by continuous
radiation from an argon laser (488 nm) or a helium-cadmium
laser (325 nm) focused onto the sample surface in spot 1mm
diameter. The density of laser power was 0.1–1W/cm2. To
study the PL kinetics upon gaseous environment the sample
was placed in a glass bulb which was pumped down to
10−4 Torr and then filled with the gas.

3. Results and Discussion

Figure 1 demonstrates a plot of luminescence intensity in
time for the QDs solution in toluene showing the absence
of significant changes during the whole time of registration.
The inset presents the luminescence spectra of the composite
structure coincident with the spectrum of QDs in solution
and almost independent of environmental conditions (ambi-
ent or vacuum). An important feature of the structure of the
investigated composite system is the uniform distribution of
QDs on the surface of the NWs and the absence of QDs
agglomerates that could result in a change of the fluorescence
spectrum. As mentioned above, in our case the evolution
of PL intensity at ambient and in vacuum conditions has
opposite behavior: enhancement or quenching, correspond-
ingly (Figure 2). The effect is completely reversible which is a
significant argument in favor of its nonchemical nature.

The time dependence of PL increase can be described by
biexponential function 𝑦 = 𝑦
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Figure 1: The time dependence of luminescence intensity of QDs
solution in toluene. The inset presents the luminescence spectra of
the composite structure.
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Figure 2: PL intensity as a function of laser illumination time at the
ambient conditions (1) and in a vacuum (2).

a similar trend (Figure 3). Therefore, the effect observed
cannot be easily explained by the passivation of the QD
trap states by photoadsorbed molecules but can also be
attributed to the Arrhenius (thermal) stimulation of the
exciton recombination in QDs.

To interpret our dependencies, we used the results of the
study of the effect of foreign gases on the fluorescence of
complexmolecules [12–15]. In [12] it was shown that addition
of the foreign gases to the complexmolecules in vapour under
light excitation around the Stokes lines range results in the
fluorescence enhancement. The effect consists in the fluores-
cence increase of a complex molecule as a result of its vibra-
tional deactivation by inelastic collisions with molecules of
foreign gases following light absorption. Energy transfer pro-
cess is characterised by the values of the amount of vibrational
energy of the excited molecules lost in collisions, as well as
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Table 1: Van-der-Waals constants 𝑘, nonradiative recombination energies 𝜑, accommodation coefficients 𝛼, and times of increasing and
decreasing of luminescence for various gases.

External gases Van-der-Waals constant 𝑘,
(kg⋅M4)/(Mol⋅sec2)

𝜑 Accommodation coefficient, 𝛼
Times of increasing and decreasing (for vacuum)

of luminescence
𝜏
1
, sec 𝜏

2
, sec

Xe 0.419 55.2/41 0.38 13.8 ± 2.6 108 ± 16
N
2
(dry) 0.139 55.1/37 0.29 17.6 ± 3.3 133 ± 20

Air
H
2
O 0.546

\
2 0.136 55.5/49 0.59 9.4 ± 1.8 83 ± 11

b\
2 0.361

Vacuum 5 ± 1 35 ± 5
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Figure 3: PL intensity as a function of laser irradiation time under
various gaseous environments ((1) atmosphere, (2) Xe, and (3) N

2
).

by the value of the dimensionless accommodation coefficient
𝛼 entered by Neporent and Mirumyants as a measure of the
efficiency of energy transfer [12].

The values of accommodation coefficients 𝛼, times of
increasing and decreasing fluorescence 𝜏

1
and 𝜏
2
, nonradia-

tive recombination energies 𝜑, and Van-der-Waals constants
of different gases for our case are listed in Table 1.The increas-
ing luminescence times given in Table 1 for dry nitrogen
and air containing water vapour differ significantly. At the
same time there is an obvious correlation between the times
of increasing luminescence, Van-der-Waals constants, and
accommodation coefficients for Xe, N

2
, and H

2
O. As follows

from our experimental data (Figure 3) the value of addition-
ally illuminated energy of luminescence (before reaching sat-
uration) is approximately equal for all cases of external gases.
At the same time it is proportional to amount of radiationless
deactivated energy during collisions energy 𝜑. The latter is in
turn proportional to the product 𝜑 ∼ 𝛼𝜏. The observed coin-
cidence of the values of 𝜑 for all considered cases speaks in
favor of our interpretation allowing for significant influence
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Figure 4: PL intensity as a function of air pressure.

of nonphotochemical factors on the photoluminescence
kinetics of our hybrid system. The dependence of lumines-
cence intensity of environment pressure ranging from 10−4
Torr to 1 atm obtained in our experiments (Figure 4) is in
agreement with previous considerations.

The PL decay under vacuum conditions can be explained
by the fact that in the absence of external gases the continuous
laser radiation leads to the increase of the excess of vibrational
energy in QDs. As shown in [12] this growth has a significant
impact on the reduction of the quantum yield and kinetic
characteristics of luminescence.

In conclusion, the authors thank V. Talalaev for photolu-
minescence measurements.

4. Conclusion

In summary, we study the effect of the enhancement of
luminescence of the composite system based on colloidal
CdSe/ZnS core shell quantum dots and GaAs nanowires
at the presence of external gases under continuous light
illumination. A model based on the losing of vibrational
energy from quantum dots in collisions with external gases
molecules is proposed to describe the evolution process
of enhancement of the luminescence. We also note that
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the results demonstrated in this work do not contradict the
different mechanisms proposed previously but show a pos-
sibility of another parallel mechanism of the luminescence
increase of the quantum dots.
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