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ABSTRACT: Heterostructures of zero-dimensional/two-dimensional (0D/2D)
materials, especially quantum  dots {QDs}fnmushculs (NSs), have attracted
significant attention for extracting photogenerated electrons and holes. Herein, we
report the dissociation of excitons at the heterojunction of CdSe (cadmium
selenide) QDs and MoS, (molybdenum disulfide) nanosheet utilizing steady-state
and time-resolved spectroscopic techniques. Quasi type I semiconductor-like band
energy alignment of the 0D/2D heterojunction facilitates exciton b‘rt::llr.'mE via hole
transfer from the QI to Mo%,. Furthermore, we demonstrate the extraction of two
holes from dowbly excited Qs (created via high-power excitation) following the

dissociation of a biexciton at the 0D /2D interface. This work is expected to provide
a new approach of exploiting multiple exciton generation in quantum dot-sensitized solar cells by harvesting multiple

CATTIETS.

class of materials that exhibit high absorption cross
sections, bru:u:[ tunability of band EAPS, and high
quantum  efficiencies. ™ These unique electronic properties
make them ideal materials for photovoltaics,”™ photo-
detectors, ” and light-emitting (LEDs) devices. ™' Multiple
exciton generation (MEG) or carrier multiplication (CM) is a
FIHLL"LH whl.‘TL &L"."‘LIT.!] excitons are gLnLr'ltL‘\d ds a IL‘|'|.LH ‘I.'!IE- t]'l.‘L
absorption of a high-energy qph-oron, typically higher than
double the band gap, in QD= ™ EiTil:nenL ME-L. was observed
in m.m].r th I:PbSE 14,15 Pb'; 14,1617 5 {-.ds 1B—=2101 and
InAs™'} by many groups usmg different techniques. Successful
cxpln::-ltatmn Df ( M Lﬂuld ]'I'l‘FTl'!I'I."L tI.'IE Li'ELlLI'IJL';r l.'I‘E (.'I'Ll:l.l'.lt'l.'l]'l'l
dot-sensitized solar cells (QDSSCs)." Klimov™ has theoret-
jcally shown that an ideal CM vield in QDSSC can produce a
power conversion efficiency exceeding 44%, which is much
higher than the ShocL]e}r Queisser limit (~33%) for a single-
junction letumll:un_ In fact, successtul utilization of MEG
using metal oxides [MDS}I in QDSSCs has been demonstrated
in several studies.”™
Two-dimensional (2D} materials, on the other hand, have
attracted incredible interest due to their intriguing electrical,
optical, and mechanical properties™ ™" since the exfoliation of
graphene in 2004. 2D transition-metal dichalcogenides 20D
TMDCs) having chemical formula MY, where the transition-
metal atom (M) is sandwiched between two chalcogen (x)
atoms, show unique opmelﬂtmmc EleElTlf‘H including a
nonzero direct or indirect band gap. Among all TMDCs,
MaS, has particular importance in solar cells as n-type material
because of large absorption coefficient” ™" and direct nature of

C olloidal semiconducting quantum dots (0D-0Ds) is a
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the band gap in monolayer.” ™ Layered MoS$, sheets find
applications in photovoltaic and photodetector devices due to
high carrier mobility.”™* In fact, Coulomb interaction in these
materials is significantly enhanced” because of charge carrer
confinement within the 2D ]’Ji:ll'lt‘...-.l

Recently, van der Waals heterojunctions of 210 TMIICs have
been shown to be useful for the dissociation of excitons via fast
interfacial charge transfer.”™" In the heterojunction between
WS, and MoS,, hole transfer was observed to occur in an
ultrafast time scale from Mo5, to W5,."" The dissociation of
excitons was reported to take place in the heterostructures of
Whe,/MoS, via ultrafast electron transfer from monolayer
WSe, to MoS, " It was also noticed that bath electron and
hole tramsfers can occur at the MoS./MoSe; interface in
opposite directions.” The type Il semiconductor-like band
energy alignment in these 2D/2D0 heterostructures facilitates
the formation of an indirect exciton I{L"{]J where the electron is
located in one XD material and the hole in another 20D
material,”™"" Nowadays, researchers are leoking to combine O
and 2D materials into one nancheterostructure, which may
provide additional benefits. Prins et al ¥ reported  the
enhancement of the efficiency of the Férster resonance energy
transfer (FRET) at the OD/2D heterojunction of cadmium
selenide /cadmium zine sulfide (CdSe/CdZnS) core/shell QD
and MoS, with the decrease in layer number of MoS,. In the
recent past, Bouleshaa et al.! reported both electron and hole
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