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Abstract: ManganeseMn)-doped ZnSnanocrystals (N§ have been extensivelyxploredfor optical
applications with the advantages oflow toxicity, large Stokes shifts anénhanced therai and
environmental stabilityAlthough numerous studies on Mitoped ZnS dots, rods and wires have been
reported, thditeraturerelated taMin-doped ZnS nanoplatete(ZnS:Mn NPLSs) iscarce Here, we present
the first example oftlirect doping of MA" ions intoZnS NPLs via the nucleatietoping strategy. The
resultingZnS:Mn NPLsexhibit Mn luminescencendicative forsuccessful dopingf thehost ZnS NPLs
with Mn?* ions. The energy transfer froihe ZnS NPLs tothe Mn?* ions wasobservedoy employing
spectroscopianethods Furthermore, lie impact of the Mrconcentrationon the optical properties of
ZnS:Mn NPLs wasystematically investigateds a result oMn-Mn interaction tuneableMn emission
and shoenedphotoluminescencd?() lifetime decaywere observednd rationalizedbhy means oélectron
paramagnetic resonancERR and X-ray photoelectron spectroscopyRS). Finally, we show thathe
initially low dopantPL quantum yieldQY) of ZnS:MnNPLs can be dramatically enhanced by passivating
the surface trap states of the samplé® presented synthetic strategy of ZnS:Mn NPLs opens avagw

to synthesizéurtherdopedsystems ofwo-dimensional 2D) NPLs.



INTRODUCTION

Quasi twedimensional (2D) nanoplatelets (NPLs) with atomicallyqgise thicknesses have
emerged as a novel class of materidlSuch 2D NPLs are appealing due to their large sutizgelume
ratio, strong quantum confinement effects, and giant oscillator strength, making them promising candidates
for applications in lasing, energy conversion and storaug pptoelectronic devic&$ln contrast to zero
dimensional (0D) and orgimensionh (1D) nanocrystals (NCs)2D NPLs presentsome unique
optoelectronigroperties including extremely narrow spectral line widths in absorption and emission and
relatively large absorption cross sects because of their wealefined thicknes$ However,theseNPLs
also displaysome shortcomings originating frotheir intrinsic structural limitations For instancgethe
optical propertieof NPLslack continuoustunability sincethe thickness variation of NPLs is discréte.
Additionally, the emission spetrum of NPLsis limited to a relatively narrow wavelength range due to the
finite number of atomic planes in the thickness directfoh typical exampleare CdSe NPIs. Although
CdSe NPLsave been synthesizedth variable thicknessether emission spectrum camly be tuned in
arange from460 to 625 nnt.!! Similarly, the ZnS NPLswe reported previouslgxhibit spectrallyfixed
photoluminescenc@PL) due to thdack of thicknesgunability.*?

Doping of NCs as an effective strategy to modify itheptical propertieshas attracted intensive
research interests in tipastyears.With a small amount of dopants incorporatetb the NCs, theg can
exhibitmany new optical, electronic anthgnetipphenomena®!4 Recently, Madoped ZnS NCwith low
toxicity have beemxplored After the first synthesis of Midoped ZnS quantum dots (QDBS) variety of
synthetic methods to prepare highality Mn-doped ZnSQDshave been developa®'® In addition to the
doped QDs, Liu et aopedZnS quantum rods (QRs)ith Mn?* ionswhichdisplayedhigh quantum yield
(QY) (up to 45%)'° Despitea lot ofstudies repomin-dopedZnSdots rods and wireghe literature related
to Mn-dopedZnS (ZnS:Mn)NPLs isscarce Zinc sulfide NPLspresent an attractive choice as the matrix
for Mn?*ions Zinc and manganese ions in tetrahedoairdination have similar ionic radii (74 vs 80 pih).

21 Due to the strong confinement in NPLs, the matrix absorption artd &nission can be spaced in
spectrum by more than 2 eV. Additionally, thartzite VZ) phase of ZnS shows enhanced crystadifie
and spontaneous polarizatibring able potentially to influence the PL of the dopgaattogether, this
creates a perspective nerplored platform for lowtoxic energy conversion units with no salisorption
and enhancedscillator strengthTo date onework showed thereparation of ZnS:Mn NPLs by tip@st
synthesis treatmeft whereaghe assynthesized ZnS:Mn NPLwere quite unstable The Mr?* ions are
very easily ejected from the ZnS NPLs once the temperature is belo¥C188is research reflects that

the synthesis of ZnS:Mn NPLs still remains a big challenge.



Heren, we reporta simple effectiveandfi g r gphasghineree) synthesisnethodfor obtaining
ZnS:Mn NPLs withuniform thickness.The assynthesized ZnS:Mn NPLs display Mn luminescence
indicating the successful doping of tBaS crystal latticewith Mn?* ions. To the best of our knowledge,
this is the first timef direct doping otolloidal ZnS NPLsvith Mn?*ionsvia anucleationdoping strategy.

We explore thenechanism of energy transfer betw&@a$ NPLsandMn?* ionsby usingsteag-state UV

Vis absorbancePL and PL excitatioffPLE) measurementd he effect of different Mn concentratioos

the optical properties of ZnS:Mn NPLs investigated in detailSteadystate PL spectra, PL QY
measuremestandtime-resolved PL decaygf the samplesevealred-shifted Mn emission relativdy low

PL QY and shorPL lifetimes due to the presence stfongMn-Mn interaction.Furthermoreywe show that
theMn-relatedPL QY of dopedNPLscan bedramatically enhanced by passivating the surface trap states

of the samples.

RESULTS AND DISCUSSION

In this study, olloidal Mn-doped ZnSNPLs were synthesizedby adaping the softtemplate
methodfor the synthesisof ZnS NPLs which we reportedefore!? The original method was already
optimized for obtaining the most stable and homogeneous prdeudhis, the parametric window was
found to be very narrow. It turns out that all the time, temperature, and spex@Etration regimes of
the ZnS NPL synthesis also work best for the synthesis eddped ZnS NPLdn a typicalsynthesiszinc
chloride manganese acetate, autfur powder with a nomindfin:Zn:Smolar ratio ofx:1:3 were dissolved
in a mixture of oleylamine (OAm) and octylamine (OTAW). this study,x has been varied between
approximately 0.03% and 16%ifter purgng with nitrogen at 100 for halfanhour, thereaction solution
was heatetb 150 for 6 hoursAfter cookdown, precipitation and washing of the sampleés@smission
electron microscop (TEM) grid was prepared. ThexemplaryTEM imagein Figure JA of the as
synthesizedMn-doped(x = 4%) ZnS nanostructureseveal theirplateletlike shapesimilar to undoped
NPLs as shown ifFigure B. A high-resolution HR) TEM image & an individual ZnS:Mn NPL (Figre
1C) exhibis the wellresolved lattice fringe pattern illustrating that tapedNPLs arewell-crystallized.
The observed lattice spacings wareasuredo be 3.09 ang.27 A, matchingvell the (0001) and (120)
plane spacings of the buk WZnS structur e (| ThP BoBesporidingds® Pouri@r0 0 7 ) .
transform(FFT) (Figure 1D) clearly revealshat the [0001] and [2Q0] directions span the basal plane of
the NPL.The X-ray diffraction (XRD)patternfor the ZnS:Mn NPLgFigure 1E)indicates that they retain
the WZ structure of Zn§ | CPD®80DD007) af t Bhe endigydispdreive i Xray .

spectroscopy (EDS) spectrum (Figur&, Supporting Information confirms the presence @n Mn
















































