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Photo-crosslinked CulnS,/ZnS QD film
ABSTRACT

Near-infrared (NIR) light-emitting components have gained attention for applications in sensing, communication, lighting,
healthcare, and security. Colloidal CulnS,/ZnS quantum dots, composed of environmentally-friendly elements, are promising as
active materials for NIR light-emitting devices. While the solution processibility of colloidal quantum dots allows for
cost-effective film formation, it can also result in film dissolution when subsequent solution processes are performed to deposit
upper functional layers during device fabrication. In this study, we demonstrate the effectiveness of ligand crosslinking in
CulnS,/ZnS quantum dots, providing chemical tolerance to the film during subsequent solution processes. This enables the
development of solution-based NIR light-emitting diodes, overcoming the film dissolution issue. Our findings open new
possibilities for cost-effective fabrication of NIR devices using colloidal quantum dots.
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Fig. 1. (a) Vis-NIR and PL spectra for CulnS,/ZnS
quantum dots, (b) TEM image of CulnS,/ZnS
quantum dots.
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Fig. 2. (a) Chemical structure of oleic acid and NS-
BP ligands, (b) Schematic description of the
ligand exchange process for CulnS,/ZnS
quantum dots, (c) NMR spectra for CulnSy/
ZnS quantum dots before (left) and after
(right) the ligand exchange process, (d) TGA
results for CulnS,/ZnS quantum dots before
(left) and after (right) the ligand exchange
process.
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Table 1. The relative molar ratio of ligands (oleic

acid, dodecanethiol, and NS-BP) attached
to the surface of CulnSy/ZnS quantum dots
before and after the partial ligand-exchange
step. Estimation was done based on the
areal ratio of peaks corresponding to each
ligands in the NMR spectra

mol% Oleic acid  Dodecanethiol =~ NS-BP
Before exchange 179 82.1 -
After exchange 13.5 81.1 54
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(a) PL spectra comparison for CulnS,/ZnS
quantum dots before and after undergoing the
ligand exchange process, (b) Schematic des-
cription of the film formation process and
UV-induced ligand-crosslinking for CulnS,/
ZnS quantum dots, (c) Schematic diagram
illustrating the BP-based ligand-crosslinking
reaction.
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Fig. 4. (a) Normalized PL intensity vs. film thickness
retention ratio relation for CulnS,/ZnS quan-
tum dot films crosslinked with varying con-
tents of NS-BP, (b) Normalized PL intensity
vs. film thickness retention ratio relation for
CulnS,/ZnS quantum dot films crosslinked for
different durations under 365 irradiation, (c)
AFM image of a CulnS,/ZnS quantum dot
film (10 wt% of NS-BP) prior to cross-
linking, (d) AFM image of the same film af-
ter crosslinking (5 min of irradiation under
365 nm UV source) and rinsing using chloro-
benzene.
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Fig. 5. (a) Schematic representation of a NIR- emit-
ting device based on a crosslinked CulnSy/
ZnS quantum dot film. (b) Current density-
voltage-luminance relations of light-emitting de-
vices based on CulnS,/ZnS quantum dot films
with varying thicknesses.

bination zone)°| W3gF2] F7o] w} Wolr] wjEo]
o e g 82 7197 Ao TEEe TS ®
dsto] 245 ARt Addy, Wg5ol] o
T5 AAEZALAR] $]%(luminance)?t M7 HE
(current density) S7Foh= AFE ERJISHATHFig.
5(b)). CulnSy/ZnS FAFH €] FAE 10 nmZ A
Qa8 o) 34 cdin’e] AN FHS BT

& ik

CulnSyZnS YA ol Al 2 A 7ht WHS:
o] AYHEZ HAH NS-BP PXLL AR&5}o] IR
& 7RIAZE o2 T3 A S ¥4 89
&7 BollA oo Witde 7HKIAl =gl Hot
7h ol2fet Aol A2l 8ATHS /R sk

-

0
4

o
A W 4 AF oI 8 5 ks

7|sM9H

PXL: Photocrosslinkable ligand
NS-BP: 4-((10-Mercaptodecyl)thio)phenyl)(4-(pyrroli
din-1-yl)phenyl)methanone

NMR: Nuclear magnetic resonance

TGA: Thermogravimetric analysis

AFM: Atomic force microscope

TEM: Transmission electron microscope

TFB: Poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(4,4"-(N-
(4-sec-butylphenyl) diphenylamine)]
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