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Abstract In order to overcome the low energy transfer efficiency of the conventional FRET (Forster resonance energy
transfer) system, a novel spectra-matching and distance-controllable CIS@ZnS-SQ FRET assembly has been prepared via
ultrasonic self-assembly method, by using the synthesized visible CIS@ZnS type I core-shell quantum dots as energy donor
and the near infrared SQ dyes as acceptor. Through controllable synthesis of quantum dots, the absorption and fluorescence
performance of FRET system were adjusted by the size of CIS@ZnS, while the distance of energy donor-acceptor and the
non-valid charge recombination in the FRET system were controlled by the wide-band shell of quantum dots. The excitons
transfer and recombination kinetics in CIS@ZnS-SQ assembly were investigated by the pump-probe femtosecond ultrafast
transient absorption measurements, with which results in the FRET-type energy transfer mechanism: CIS*+SQ—CIS+SQ*
has been proven and a high energy transfer rate of about 5.0X 10'* s™! has been gained between CIS@ZnS and SQ. The ex-
citons’ lifetime and FRET energy transfer efficiency were calculated from the fluorescence decay kinetic curves tested by
time-resolved fluorescence measurements. The results show that the energy transfer in CIS@ZnS-SQ depends on the size of
CIS@ZnS quantum dots. As the size of CIS@ZnS (mainly refers to the ZnS shell thickness) increases from 2.1 0.4 nm to
2.940.4 nm, 4.1£0.3 nm, 5.430.5 nm and 7.2£0.5 nm, the fluorescence quantum yield of CIS@ZnS improves from 5.4%
to 26%, 33%, 38% and 43.3% as well as the distance between CIS@ZnS and SQ (energy donor and acceptor) increases
gradually, which makes the FRET energy transfer efficiency (ygrger) first rise and then decline. As a result, an optimal #7grgr
value of 62.8% was gained in the FRET assembly when the reaction time of ZnS shell was 20 min. This research will have a
promising theoretical and practical value for the development of the panchromatic and high-efficiency solar cells.
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Figure 1 Scheme of FRET function (a) and energy level (b) in CIS@ZnS-SQ assembly
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Figure 2 TEM of CIS core (a) and CIS@ZnS quantum dots (b); fluorescence spectra of CIS@ZnS (c); diagram of fluorescence quantum yield changes
with the size of CIS@ZnS (d); absorption (e) and fluorescence emission spectra (f) of CIS@ZnS-SQ assembly
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Table 1 Fluorescence decay kinetics parameters and FRET energy
transfer efficiency of the assembly

a t/ns a, L/ns  ty,'/ns nrrer /%
CIS@ZnS-5 0371 13.48 0.629 96.5 65.71 473
CIS@ZnS-5+SQ 0.305 93.14 0.695 893 34.61
CIS@ZnS-10 0.357 13.37 0.643 101.5 70.07 512
CIS@ZnS-10+SQ 0.300 93.99 0.700 8.59 34.21
CIS@ZnS-20 0.373 1233 0.627 97.66 65.83 6.8
CIS@ZnS-20+SQ 0.262 72.62 0.738 742 24.50
CIS@ZnS-60 0.381 12.06 0.619 96.48 64.32

55.7
CIS@ZnS-60+SQ 0.279 82.50 0.721 7.61 28.50

“ Average lifetime of the excitons; " FRET Energy transfer efficiency calculated
by nrrer= 1 —tp-a/tn, Where #p and p._4 are the lifetimes of QDs in absence and
presence of the SQ.
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Figure 4 Photoluminescence decay curves of CIS@ZnS QDs with different reaction times of ZnS shell: (a) 5 min; (b) 10 min; (c) 20 min and (d) 60 min,

before and after adding of SQ
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