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The photoluminescence (PL) quenching of CulnS,/ZnS quantum dots (QDs) in blend films with FePt

magnetic nanoparticles (MNs) was studied by steady-state and time-resolved PL spectroscopy. ZnS shell-

coated CulnS, QDs having various Cu/In molar ratios were synthesized via a hot-injection method. The

PL peak of the QDs with enlarged band gap was varied from 680 to 610 nm by decreasing the Cu/In ratio.
The highest PL quantum yield of 44% was obtained for CulnS,/ZnS QDs with an optimum Cu/In ratio of
1/6. The decrease in PL intensity and lifetime was observed in the blend films of CulnS,/ZnS QDs and

FePt MNs with different concentration, demonstrating that electron transfer occurred from CulnS, QDs to

FePt MNs. Moreover, the rate and efficiency of electron transfer as a function of the concentration ratio

of FePt MNs to CulnS, QDs and temperature were obtained. It was found that electron transfer rate

significantly increased with increasing the FePt MN concentration and the temperature. Therefore, the

experimental results indicated electron transfer-induced PL quenching in CulnS, QD and FePt MN blend

films should be considered in designing the structure of magnetic-fluorescent nanocomposites for

realizing their highly efficient PL.

Introduction

Magnetic-fluorescent nanocomposites have attracted intense
attentions because they can integrate several functional materials
with different properties such as optical, magnetic, and electronic
properties into one kind of multifunctional nanocomposites,
which afford great promise for fluorescence detection, enhanced
magnetic resonance imaging, selective magnetic separation,
information storage, and so on. * In searching for imaging agent,
semiconductor quantum dots (QDs) have drawn much attention
because their optical properties depend critically on the particle
size, composition, and surface chemistry.*® Great efforts have
been devoted to the combination of FePt or Fe;O, magnetic
nanoparticles (MNs) with various luminescent QDs, such as
FePt-CdS,* 7 Fe;0,-CdSe,* ? and FePt-CdSe.'” These nanocom-
posites retain the superparamagnetic property of MNs with the
luminescence properties of QDs. The use of QDs and MNs for in
vitro and in vivo imaging in biology and medicine becomes one
of the most competitive fields in modern nanoscience. However,
most of the QDs are cadmium-containing materials, which make
the future applicability of these nanocrystals doubtful and give
the concerns for potential health and environmental risks.
Therefore, it is necessary to find novel QDs to enhance the
application for these multifunctional nano-materials.

Recently, ternary CulnS, QDs are considered to be one of the
most promising candidates to replace cadmium-based I[I-VI QDs
for biomedical research, because they do not contain highly toxic
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element and have size- and composition-tunable PL from the near
infrared (direct band gap (1.53 eV) of the bulk CulnS,) to the
visible region.'""> Chang group reported the synthesis of
magnetic-fluorescent SiO, nanohybrids, which were composed of
CulnSy/ZnS QDs and Fe;0, MNs.'® The nanohybrids could
provide more efficient assistance of drug delivery into tumor cells
for suppressing the growth of MCF-7 breast cancer cells. On the
other hand, compared with Fe;04, FePt alloy MNs have high
anisotropy of 7 X 107 erg/cm™ and high chemical stability.
Therefore, it is expected that the hybrid nanostructures composed
of CulnS, QDs and FePt MNs would be excellent magnetic-
fluorescent nanocomposites. In order to better apply them in the
biological field, the CulnS, QDs are needed to exhibit high
efficiency photoluminescence (PL). Previous works have
reported CulnS, QDs with tunable peak emissions and high PL
quantum yields (QYs) by adjusting the cation composition or the
QDs sizes.'* 7! Besides, the PL QYs of CulnS, QDs would be
obviously enhanced after surface coating of ZnS shells because
the binary ZnS layers can passivate the dangling bonds at the
QDs surface, effectively removing the nonradiative intragap trap
states associated with surface defects.'® %

Significant PL quenching has been observed in magnetic-
fluorescent nanocomposites. The PL quenching processes are
usually reflected by the change in fluorescent properties of the
QDs such as the PL intensity and lifetime. In this work, the
CulnS,/ZnS core/shell QDs with various Cu contents in the raw
material solution were synthesized using fast-injection approach.
The PL properties of CulnS,/ZnS QDs in FePt MN and
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CulnS,/ZnS QD blend films were studied by steady-state and
time-resolved PL spectroscopy to understand PL quenching
mechanism of the QDs. Further the effect of the concentration
ratio of FePt MNs to CulnS, QDs and temperature on electron
transfer processes between CulnS, QDs and FePt MNs was also
analyzed.

Experimental section

Materials. Zinc acetate (Zn(OAc),, 99.99%), copper acetate
(Cu(OAc),, 99.99%), indium acetate (In(OAc);, 99.99%), Iron
(IIT) acetylacetonate (Fe(acac);, = 99.9%), Platinum (II)
acetylacetonate (Pt(acac),, 97%) sulfur powder (S, 99.99%),
dodecanethiol (DDT, 99.9%), oleic acid (OA, =99%) oleylamine
(OAm, 97%), 1-octadecene (ODE, 90%), and 1,2-hexadecanediol
(90%) were purchased from Aldrich. All chemicals were used
without further purification.

CulnS,/ZnS Core/Shell QDs Synthesis. A typical synthesis
process of CulnS,/ZnS core/shell QDs was described as follows:
Cu(OAc),, In(OAc);, 0.2 mL OA, 0.5 mL DDT, and 5 mL ODE
were loaded into 50 mL of three-neck flask and degassed at
120°C for 1 hour at this temperature, backfilled with Ar. Then the
mixture was heated up to 150 °C and S precursor (obtained by
dissolving 0.3 mmol sulfur in 1 mL OAm) was injected rapidly
into the flask to form CulnS, nanoclusters. After 20 min, Zn
precursor (0.3 mmol Zn(OAc), dissolved in 0.5 mL OAm and 1.5
mL ODE) was introduced into the reaction solution. Followed
this, the temperature of the mix solution was raised to 230 °C and
kept at the temperature for 30 min to coat CulnS, cores with a
ZnS shell. The CulnS, cores with different Cu/In ratios were
obtained when the Cu/In precursor molar ratio was varied with
1/1, 1/3, and 1/6. The obtained CulnS,/ZnS core/shell QDs were
assigned as QD1, QD2 and QD3, respectively, and all other
variables were remained constant. The QDs were precipitated by
adding methanol into toluene solution and purified at least four
times. The collected QDs were dispersed into chloroform for the
subsequent measurement.

FePt MNs Preparation. 0.5 mmol of Pt(acac),, 0.5 mmol of
Fe(acac);, 4 mmol of OA, 4 mmol of OAm, and 10 mL 1,2-
hexadecanediol were added into a 25 mL three-neck flask under
gentle Ar flow. The flask was heated to 160 °C and maintained
for 15 min at this temperature to ensure the dissolution of
Pt(acac), and Fe(acac);. Then the solution was heated to 240 °C
and kept at this temperature for 30 min. A black product was
precipitated by adding ethanol and separated by centrifugation.
The dispersion/precipitation procedure was repeated three times.
Finally, the FePt MNs were dispersed in toluene.

Preparation of CulnS, QD/FePt MN Blend Films.
Appropriate amount CulnS,/ZnS QDs solution was added by a
micropipette to 40 pL of FePt MNs solution (40 pM), then the
mix solution were dropped or spin-coated onto cleaned silicon
substrates. The blend films were obtained by changing the QDs
solution (30 pM) concentration with 20, 40, 80, and 200 pL.
These films were assigned as FePt MN/CulnS, QD volume ratio
0f2.0, 1.0, 0.5, and 0.2, respectively.

Characterization. The X-ray diffraction (XRD) pattern of the
as-prepared samples was recorded using a Rigaku D/max-2500
diffractometer with Cu Ko radiation at room temperature. The
transmission electron microscope (TEM) and high-resolution

6

6.

K

7

8

8!

9

9

10

S

a

S

)

S

a5

S

S

3

TEM images were recorded using a JEM-2100 electron
microscope. The QDs dispersed in chloroform were dipped on
carbon coated copper grids. Surface topography of films were
analyzed by Agilent 5500 atomic force microscopy (AFM). The
energy dispersive X-ray spectroscopy (EDX) for the elemental
analysis of the QDs was performed by using JSM-7800F field
emission scanning electron microscope (FE-SEM). Steady-state
PL spectra, PL QYs, and time-resolved PL spectra were
measured by a Horiba Jobin Yvon Fluorolog-3 with a QYs
accessory and a time-correlated single-photon counting (TCSPC)
spectrometer. The continuous excitation source was a 150
Wozone-free xenon arc-lamp. A pulsed xenon lamp or Nano-
LED (N-405L) was utilized as the excitation source for the PL
decay measurement. The film samples were mounted in a Janis
VPF-800 vacuum liquid nitrogen cryostat with a controllable
temperature region from 80 to 300 K, during the entire
measurement. The magnetic property of the FePt MNs was
measured with Lake Shore (M-7407) vibrating sample
magnetometer (VSM).

Results and discussion

Fig. 1 shows the UV-visible absorption and normalized PL
spectra of CulnS,/ZnS core/shell QDs along with different Cu/In
ratios. The CulnS,/ZnS QDs exhibit a large Stokes shift of about
390 meV between their optical band gaps and the corresponding
emission peaks. It has been demonstrated that a large Stokes-shift
of [-11I-VI QDs such as CulnS, can be ascribed to the presence of
intrinsic defects states in the band gap, such as V¢, Vs, and Inc,.
2! Thus, the QDs only exhibit defect-related broad emissions
instead of the band-to-band (exciton) emission.?'.
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PL intensity (a.u.)
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Fig. 1 UV-visible absorption and normalized PL spectra of CulnS,/ZnS
QDs in chloroform (solid line) and films on Si substrates (dashed line)
with various Cu/In molar ratios of 1:1 (black line), 1:3 (red line), and 1:6
(blue line).

Both the absorption and emission spectra shift to short
wavelength with decreasing the Cu/In molar ratio from 1/1 to 1/6.
A broad absorption band for all the QDs is observed together
with an absorption tail at the long wavelength side, because each
ternary CulnS, QDs may vary in size, geometry, and
stoichiometry. The PL peak shifts from 680 to 610 nm, having
the full width at half maximum (FWHM) of about 104 nm. The
PL QYs of CulnS,/ZnS core/shell QDs were determined to be 15,
31, and 44 % for the QDs with Cu/In molar ratio of 1/1, 1/3, and
1/6, respectively. The results indicate the CulnS,/ZnS core/shell
QDs with different PL wavelength and QY's could be obtained by
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changing the Cu/In ratio. The normalized PL spectra of QD films
are shown in Fig. 1. It can be seen that the PL peak of QDs

obviously shift to red, which results from the energy transfer in
closely packed QDs.
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Fig. 2 (a) XRD patterns of CulnS,/ZnS core/shell QDs with different Cu/In ratio. (b) The TEM image of QD3 with Cu/In ratio of 1/6. A high resolution

TEM image of QD3 is shown in the inset.

The XRD patterns of as-synthesized CulnS,/ZnS core/shell
QDs are shown in Fig. 2(a). The patterns for the CulnS,/ZnS QDs

10 show the characteristic peaks of the zinc blende (cubic) structure,
similar to those reported previously.”" ?* It can be seen that the
FWHM of XRD diffraction peaks for samples are almost the
same, indicating the sizes of the all samples are similar. The
diffraction peak of the CulnS,/ZnS QDs shifts to larger angles
15 with decreasing the Cu/In ratio, which is consistent with the
smaller In** (r=0.094 nm) cationic radius than those of Cu"

Intensity (a.u.)

30 40 60 70

50
2Theta (°)

(r=0.100 nm). The composition of the QDs was estimated by
EDX [Table S1t]. The Cu/In molar ratios of the obtained QDn
(n=1-3) were determined to be 1.13, 0.83, and 0.67, respectively.
20 Their sizes are about 3.1 nm estimated from the TEM image as
shown in Fig. 2(b). The shell thickness is estimated to be about 1
monolayer (ML) by using one ML ZnS (0.31 nm) on the basis of
the respective compounds.® The high resolution TEM image
exhibits clear lattice fringes as shown in the inset of Fig. 2(b),
25 which suggests the highly crystalline nature.
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Fig. 3 XRD pattern (a) and VSM (b) of FePt MNs. The TEM image is shown in the inset of (a).

Fig. 3 shows the XRD pattern and VSM of the obtained FePt

MN:s. The corresponding TEM image is shown in the inset of Fig.
30 3(a). It can be seen that the as-prepared FePt MNs have

chemically disordered fcc structure. The FePt MNs are uniform

spherical-shaped particles and the size of the particles is about 4

nm. The room-temperature magnetic hysteresis curve of FePt

MNs exhibits superparamagnetism at room temperature. No PL is
35 observed in FePt MNs under excitation of 405 nm.

In order to understand the PL quenching of CulnS,/ZnS
core/shell QDs in CulnS,-FePt system, the colloidal CulnS,/ZnS
QDs were mixed with FePt MNs and deposited as thin films. Fig.
S1t+ shows the TEM and AFM images for CulnS,-FePt deposited

40 films from mixed colloids with various concentrations of FePt
MN:Ss, respectively, confirming the formation of blend films for
FePt MNs and CulnS,/ZnS QDs. The absorption spectra of
CulnS,-FePt mixed colloids with different concentrations of FePt
MNs in chloroform are seen in Fig. S2f. No new band is

45 observed in the absorption spectra of the CulnS, QDs after FePt

MNs added into the QD solution. However, a gradual decrease in
PL intensity is observed for the blend films with addition of FePt
MNSs, accompanying by a continuous blue shift of about 15-20
nm in PL peak, as shown in Fig. 4. For example, the PL peak of
s0 QD2 is 685 nm and that of the QD2-FePt blend films (FePt/QD2
ratio of 2.0) shifts to 667 nm. Previous studies have reported the
PL quenching in the following hybrid nanocrystals. Zhu and his
colleagues observed the significant PL quenching in magnetic-
fluorescent nanocomposites based on MnFe,O, MNs and
ss CulnS,/ZnS QDs.** They suggested that the PL quenching
resulted from the effect of MnFe,O, absorption on the QDs
emission, or caused by the blocking of MnFe,O, on QDs
excitation/emission surfaces. Our previous work also found
obvious PL quenching with a red shift in PL peak in CdTe/CdS
60 core/shell QDs when ZnO nanocrystals were added into QDs
solution.” The PL red-shift was considered to result from Forster
energy transfer from CdTe/CdS core/shell QDs with a small core
to the QDs with a large core. However, the blue-shift of PL in our

This journal is © The Royal Society of Chemistry [year]
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CulnS, QD-FePt MN blend system is not understood.
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Fig. 4 PL (top) and normalized PL spectra (bottom) of the QDn (n=1-3) before and after addition of FePt MNs with different concentration. Excitation
s wavelength is 390 nm. The black, red, blue, green, and deep green lines represent the PL spectra of the CulnS, QDs in CulnS,-FePt blend films with

FePt/CulnS, ratios of 0.0, 0.2, 0.5, 1.0, and 2.0, respectively.

To further determine the mechanism of PL quenching, the PL
decays of CulnS, QDs were measured in the CulnS, QD-FePt
MN blend films. Fig. 5 shows the PL decay curves of CulnS,

10 QDs in the blend films with different concentrations of FePt MNs
under the excitation wavelength of 405 nm. It is clearly shown
that the PL decay significantly becomes faster after addition of
the FePt MNs. Because the PL decay of the CulnS, QDs film was
independent on the solution concentration due to close-packed

15 QDs in the thin films [Fig. S37], the significant decrease in PL
decay lifetime was resulted from the adding of FePt MNs.

In general, the shorten PL lifetime can result from energy
transfer, electron transfer and nonluminescent exciplex
formation?. As seen from Fig.1 and Fig. S2¥, there is no spectral

20 overlap between the absorption of FePt MNs and the PL emission
of the CulnS, QDs, which is a prerequisite for energy transfer,
indicating that we can also rule out energy transfer between
CulnS, and FePt. Thus we can also exclude that the PL
quenching arise from exciplex formation because no new

25 absorption band is observed in the absorption spectra of CulnS,-
FePt blend films. Therefore, we suggest that the PL reduction in
CulnS,-FePt blend films originates from electron transfer
between CulnS, and FePt, because the electron transfer process is
an additional nonradiative de-excitation path.?’

30
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Fig. 5 PL decay curves of the QDn (n=1-3) before and after addition of
FePt MNs with different concentration. Excitation wavelength is 405 nm.
The black, red, blue, green, and deep green lines represent the PL decay

35 of the CulnS, QDs in CulnS,-FePt blend films with FePt/CulnS; ratios of
0,0.2,0.5, 1.0, and 2.0, respectively.

The PL decays of QDn-FePt blend films are well fitted by a
biexponential function:'® 2! I(t)=A,exp(-t/z))+ Asexp(-t/z,), where
A and 4, are fractional contributions of PL decay lifetimes 7, and

40 75. The amplitude-weighted average lifetime 7,y can be obtained
by an relation: Tav=(A T H A D)/(A T+ AsTy), the corresponding
fitting parameters are summarized in table S27. The PL dynamics
process retains biexponential character, which indicates that the
PL in the ZnS shell coated CulnS, QDs may come from two

45 channels as follows: the short-lived component 7; in tens of
nanoseconds may come from a quantized electron state to a
deeply-trapped hole state, while the long-lived one 7, in hundreds
of nanoseconds would result from the defect-related
recombination including the recombination from defects/traps

so formed at the interface between the CulnS, core and ZnS shell
due to the lattice mismatch and interfacial strain,” and the donor-
acceptor pairs recombination from internal defects.

4 | Journal Name, [year], [vol], 00—00
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Fig. 6 Fitting parameters 1), 7,, and zay for CulnS, QDs in CulnS,-FePt
blend films as a function of the FePt MN concentration. The black (solid
squares), red (solid circles), and blue (solid uptriangles) lines represent

s the average lifetime 7,y and the components 7, 7, of CulnS, QDs,
respectively.
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Fig. 7 Electron transfer rate kgt (2) and efficiency #gr (b) for CulnS, QD-
FePt MN blend films as a function of the FePt MN concentration. The

10 black (solid squares), red (solid circles), and blue (solid uptriangle) lines
represent the kgr and 7gr of the QD1, QD2, and QD3 blend films with
FePt MNss, respectively.

Fig. 6 shows the lifetime components 7, 7, and average
lifetime 7,y of the CulnS, QDs in CulnS,-FePt blend films as a
15 function of the FePt MNs concentration. It can be seen that the
components 7; and 7, of PL lifetimes gradually decrease with
addition of FePt MNs, and the value of 7; is more affected than
that of 7, after the addition of FePt MNs. The electron transfer
rate kgt and efficiency 7t between CulnS, QDs and FePt MNs
20 are obtained by expressions: *° kgt =1/tqp.pept-1/7gp and ngr =1-
Top-Fept/Tops Tespectively, where the 7op.pep, and 7op are the PL
lifetimes of CulnS, QDs in blend and neat films. The electron
transfer rate kgt and efficiency #gr for QD1-QD3 to FePt MNs as

a function of the FePt MNs concentration are shown in Fig. 7. It
»s can be found that the electron transfer rate kgr increase from
0.92x10° 1.41x10° and 1.55x10° s to 3.48x10°, 3.61x10° and
4.41x10° s for QD1-FePt, QD2-FePt, and QD3-FePt systems,
respectively, when the FePt/QDn ratio increases from 0.2 to 2.0.
The values of kgy is slightly smaller than the ET rate~10"s" of
3 CulnS, core-TiO, system reported by Sun et al.*' This is because
the ZnS shell on CulnS, acts as a tunneling barrier and the
electrons have to tunnel through the shell barrier and transfer to
FePt MNs in CulnS,/ZnS-FePt systems. The electron-transfer
processes between QDs and metal oxides/metallic domains were
discussed by Kamat for CdSe/TiO,*> and Sapra for CdSe/Au
systems.* It has been found that the driving force for electron
transfer is provided by the energy difference between the donor
(CdSe) and acceptor (TiO, or Au) and the electron transfer rate
will increase with increasing the energy difference. In our system,
high-energy value of the conduction band of CulnS, QDs
provides favorable conditions to transfer the photoexcited
electrons from CulnS, QDs to FePt MNs, assigned as transfer
channel ET1. However, we also observed another transfer
channel ET2, namely, that electrons trapped at donor defects
including deep and shallow defects or localized states can also
transfer to FePt MNs. The two transfer processes of electrons
from CulnS, QDs to FePt MNs might cause the PL blue-shift.
When the concentration of FePt MNs is low in CulnS,-FePt blend
films and most of CulnS, QDs are far from the FePt MNs surface,
so the PL decay time of the CulnS, QDs slightly decreases and the
electron transfer rate kgr is low. With further increasing the
concentration of FePt MNs, the PL decay time of the CulnS, QDs
significantly decreases and the rate significantly increases
because most of the CulnS, QDs distributed near the surface of
ss FePt MNs, as shown in Fig. S17. In addition, the similar trend of
the electron transfer efficiency ngr with the FePt the MN
concentration also can be observed. The maximum zgr from
QDI1-QD3 to FePt MNs is 24%, 33%, and 42%, respectively,
when the FePt/QD concentration ratio is 2.0. The results indicate
that the PL property of magnetic-fluorescent composites can be
tuned by adjusting the distance between CulnS, QDs and FePt
MNs.

Further we notice that the values of kg and #gr for CulnS,-
FePt blend films increase clearly as the Cu/In ratio decreases as
seen in Fig. 7. It is well accepted that the PL emission from the
radiative recombination in CulnS, QDs is associated with copper
vacancies (V¢,).* The degree of Cu deficiency in CulnS, QDs
can result in a reduction in energy level of the valence band and,
consequently, a higher band gap is obtained for more Cu-
deficient CulnS, QDs by virtue of the attenuated repulsion
between Cu d and S p orbitals,*> *® which causes the PL blue-shift
with decreasing Cu contents. Moreover, the CulnS, QDs would
have more defect states in the interior of the QDs with decreasing
Cu/In molar ratio, which may result in more efficient electron
75 transfer from CulnS, QDs to FePt MNs. Based on above results,

we proposed a schematic diagram as shown in Fig. 8, to describe
the PL recombination and electron transfer processes in CulnS,
QD-FePt MN blend films.
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to multiphonon relaxation and thermally activated nonradiative
2s recombination process.’” ** The thermally activated nonradiative
recombination process induces the PL quenching by thermal
escape of carrier from luminescent centers. For QDs, this process
is generally viewed as escape of thermally activated carriers to
trap states.*' Thus, the decrease of PL lifetime demonstrates that
30 the CulnS,/ZnS QDs in neat and blend films have some
nonradiative trap states on the surface of the QDs or at the
interface between the CulnS, core and ZnS shell.
Based on the obtained average lifetimes 7,y at various
temperatures, we calculate the electron transfer rate kgt and plot
35 the logarithm of the kz7y as a function of inverse temperature as
shown in Fig. 10. The kg rates for three CulnS,-FePt blend films
increase with increasing temperature. The kgt rates as a function

CB|

VB

Fig. 8 A schematic diagram of the PL recombination and electron transfer
processes in CulnS,-FePt blend films. ET1 and ET2 represent the transfer
channels for electrons from the conduction band (CB) and the defects of of temperature can be fitted well with a linear form, indicating

5 CulnS, QDs to the Fermi level of the FePt MNs. that the data follow Arrhenius behavior and the electron transfer
40 can be modeled using the expression:** kgr=k.vexp(-AG/kgT),

 QD1-FePt where AG is the Gibbs free energy of activation, & is the
‘ electronic transmission coefficient, v is the frequency of nuclear
motion over the barrier, T is the temperature, and kg is the
Boltzmann constant. A linear regression of the data gives AG =
45 3.24, 3.09, and 2.65 meV for QDI-FePt, QD2-FePt and QD3-
FePt system, respectively. The calculated energy of activation
s slightly decreases with decreasing Cu content in CulnS, QDs.
20 G0 %00 O ATIED 1M 400, B0 B0 A0 Ae The kgt rate shows an Arrhenius dependence on temperature, in
\QDZ'F"” agreement with the Marcus theory.** * The temperature

so dependence of kg rate in CulnS,-FePt systems shows the same
1'42

1

PLintensity (a.u.)
°

trend as that of CdSe-TiO, systems reported by Tafen et a

However, it has not been reported yet about the temperature

dependence of the electron transfer rate between QDs and MNs in

experiment. We will study the variation of electron transfer rate
ss between CulnS, QDs and FePt MNs with different particle size in
¥ detail. Therefore, the result further confirms that the PL

\ \ roralr quenching mechanism of CulnS, QDs in CulnS, QD-FePt MN
\ blend films is related to electron transfer.
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Temperature dependence of electron transfer process can give
10 additional information regarding their mechanism. The 10" L— . . . .
temperature-related PL decay curves for CulnS, QDs films and GO npce 0.008 _10'010 L
CulnS, QD-FePt MN blend films (FePt/CulnS, ratio of 0.5) in 1T (K)
the temperature range from 80 to 300 K are shown in Fig. 9. The Fig. 10 Electron transfer rate kgt in the CulnS, QD-FePt MN blend films
PL decay curves were analyzed by a biexponential function and as a function of temperature.
15 the average lifetimes 7,y were obtained. Fig. S41 shows the 7,y
of QDn and QDn-FePt blend films (n=1, 2, 3) as a function of the Conclusions
temperature. It can be seen that the PL lifetimes of three QDn and
QDn-FePt blend films exhibit the similar trend, namely, the PL
lifetimes decrease with increasing temperature from 80 to 300 K.
20 It is known that the temperature-dependent PL spectroscopy is
often used to study the radiative and nonradiative relaxation
processes as well as exciton-phonon coupling in colloidal QDs.*”
3% In general, the thermal quenching behavior in QDs is attributed

We have studied electron transfer-induced PL quenching between
CulnS, QDs and FePt MNs in their composites by steady-state
6s and time-resolved PL spectroscopy. CulnS, QDs coated with ZnS
shell having different Cu/In molar ratio exhibited tunable PL
peak from 680 to 610 nm. The obvious decrease in both PL
intensity and lifetime of CulnS, QDs blend films with addition of

6 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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FePt MNs demonstrated an electron transfer process occurred
from electrons at quantized states in the conduction band of
CulnS, QDs and the localized defects/traps states of CulnS, QDs
to FePt MNs. Moreover, the electron transfer rate was found to

s increase significantly not only with increasing the concentration
ratio of FePt MNs to CulnS, QDs, but also with increasing the
temperature in the range of 80-300 K. These results provide basic
physical knowledge to suppression of the PL quenching in
CulnS, QD-FePt MN nanocomposites.
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