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Abstract

Scheme: Direct synthesis & Post - treatment
CS Oleate :
Cs2CO3+2OA → 2CsOAc +H2O +CO2
Pb, X source :
PbX2 + 2OAc + 2OAm→ 2PbOAc2 +OAmX
CsPbX3 synthesis :
CsOAc + PbOAc2 + 3OAmX → CsPbX3+ 3OA- + 3OAm+
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Quantum dots (QDs) are semicondutor materials the size of a few nanometers. The optical properties of
QDs can be tuned according to size becasue of quantum confinement effect. Perovskite compounds, generally having the chemical formula ABX3, have come to attention as organic-inorganic hybrid perovskites
nanocrystals(NCs), which are characterized by having an organic group for A, show various applications
in solar cell devices, photoluminescence, and electroluminescence fields. All-inorganic perovskites NCs
which have an inorganic cation for A, gained interest not only because they have higher thermo-stability
compared to organic-inorganic hybrid perovskite NCs[1] but also because of high photoluminescence(PL)
quantum yields[2] and narrow emission bandwidths[1]. In this study, CsPbX3 (X=Cl, Br, I) quantum dots
(QDs) were synthesized using colloidal synthesis, with the molar ratio of PbX2 and ZnX2 precursors used
to make monodisperse QDs[2]. The amount of halide precursors determined the halide composition, by
which the emission peak of the QDs can be tuned over the whole visible spectrum[3]. However, there are
limitations in this method of tuning. Post-synthetic anion exchange with well-confined CsPbBr3 QDs was
conducted to achieve precise control of Cl / Br alloys. Photoinduced anion exchange using chloroform and
trioctylphosphine (TOP) shows faster kinetics than other post-synthetic anion exchange methods such as
those using Octadecylammonium halides (ODA-X) or lead halides (PbX2) salts[4].

X

CsPbBr3 QDs

-

Cl

Br

→

I

Experiment II:
Post - Treatment
(anion exchange)

Pb2+

CsPbBr3-xIx
QDs

CsPbX3 ( X = Cl, Br, I )

CsPbBr3-xIx
QDs

CsPbBr3-xIx
QDs

Results & Discussion
Experiment I : Direct synthesis of perovskite quantum dots

Experiment II : Post - treatment of perovskite quantum dots
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Figure 3. TEM image of (a) high - magnification. (scale bar : 20 nm). The average size of the QDs is 4.2nm; and (b) PL spectrum of the
CsPbBr3 QDs used as the post treatment in reaction.

Figure 1: Colloidal perovskite CsPbX3 NCs ( X = Cl, Br, I ) exhibit composition-tunable bandgap
energies covering the entire visible spectral region with narrow and bright emission. (a) Colloidal
perovskite CsPbX3 ( X = Cl, Br, I ) QDs dispersions ( in each vial, the QDs have a different halide
composition) in hexane under an ultraviolet (UV) lamp ( λ = 312 nm) and the corresponding (b) PL
spectra and (C) CIE (International Commission on Illumination) 1931 RGB color space.
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Figure 2. Transmission electron microscopy (TEM) images of CsPbX3 QDs with different ratios of halide
anions. The upper images show X3 = Cl3, (Cl2 / Br1), (Cl1.5 / Br1.5), (Cl1 / Br2), and Br3, the lower images
X3=Br3, (Br2 / I1), (Br1.5 / I1.5), (Br1 / I2), and I3 The insets show the emission colors under an UV lamp ( λ =
312 nm).

Figure 4. PL spectra of exchanged CsPbBr3 NCs obtained from CsPbBr3 by adding (a) chloroform without TOP; (b) chloroform with 1
wt% TOP; (c) methylene chloride with 1 wt% TOP. All TOP is added after 1 hour UV lamp pre-irradiation( λ = 312 nm ).; (d) PL intensities change of CHCl3 w/o TOP, CHCl3 w TOP, and CH3Cl3, respectively.; (e) Change of the PL peak wavelength of CHCl3 w TOP, and
CH3Cl3.; (f) (Photograph) Change in emission color of CsPbBr3 140 μL of TOP is added under UV lamp (λ = 312 nm) after 1 hour UV irradiation on the solution of QD and Chloroform; (g) Change in emission color of CsPbBr3 140μL of TOP is added under UV lamp (λ
=312nm) after 1 hour UV irradiationon the solution of QD and MC

Conclusion
The halide composition of the CsPbX3 quantum dots effects their size, which in turn effects the emission wavelength. Although CsPbI3, CsPbBr3, CsPbCl3 exhibit the purest color according to the CIE coordination, changing composition allows us to achieve colors outside the triangle drawn by the
three. For precise control of composition, anion exchange method was used. In the anion exchange, well-confined CsPbBr3 QDs of size 4.2 nm, comparable to the size of the CsPbCl3 QDs synthesized using colloidal synthesis, was used to minimize the size effect on the emission wavelength. There is
a relatively slow kinetics of less than 1 nm per hour in the UV irradiated (312 nm) solution of QD mixed with chloroform, and in the case of QD being
mixed with chloroform and TOP without pre-irradiation. This can be explained by assuming that phosphine in TOP forms a coordinate covalent bond
with the metal ions in CsPbBr3, extracting the halide ion from it. Ultra-fast anion exchange was achieved by photoinduced activation of Cl in chloroform. Without pre-irradiation, the extraction speed of Br ions exceeds the substitution speed of Cl ions, causing the perovskite QD structure to break,
which results in a rapid decrease in intensity. MC is more electrically stable than chloroform, thus the shift in emission wavelength is slow even after
addition of TOP. In summary, ultra-fast, precise control of CsPbX3 perovskite QDs with preservation of crystal structure was demonstrated using a
photoinduced method with TOP and chloroform.
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