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Report: Lead halide perovskite nanocrystals (NCs) exhibit bright, stable, and spectrally narrow
color tunable fluorescence properties which makes them interesting for application in high
performance photonic devices. The self-assembly of colloids into larger periodic
structures upon controlled solvent evaporation is the most common way to produce highly
ordered superlattices.

Because the self-assembly of different NCs is influenced by multiple assembly conditions,
various self-assembled structures can be obtained. In that regard, it is important to understand
the assembly mechanism in real time in order to manufacture targeted superlattices. Synchrotron
in situ small-angle X-ray scattering (SAXS) and wide-angle X-ray scattering (WAXS) are the
techniques of choice for studying of the time-resolved assembly of NCs into superlattices with
subsecond temporal and micrometer spatial resolution [1-3].

During the allocated beamtime, we tracked the in situ transitions from the colloidal suspension
to the self-assembled superlattice state using a combination of SAXS and WAXS. A dedicated
sample environment [4] was used to obtain the controlled assembly conditions, where the NCs,
upon solvent evaporation, self-organized into ordered NC solids along the X-ray transparent
silicon nitride membranes. In a single experiment, approximately 25 ul of the colloidal
suspension were evaporated in a solvent vapor saturated atmosphere so that the evaporation rate
for the solvent (heptane or toluene) was as low as 0.25 — 0.3 pl/min. This slow evaporation at



the controlled experimental conditions allowed for monitoring of the slightest changes in the
superlattice states.

The experimental parameters of the beamline were as follows. The energy of the incident X-ray
beam was set to 12.23 keV and the beam size was 25 x 25 um?. The SAXS data were recorded
by the Eiger2 4M detector at the sample-to-detector distance of 1.52 m. Images were collected
with exposure times of 0.2 — 0.5 seconds. For the chosen exposure times no beam damage of the
sample was observed.

Monodisperse lead halide perovskite NCs were produced at the KU Leuven by a hot-injection
method at different sizes in the range of 4-30 nm in diameter and stabilized by oleic acid /
oleylamine ligands. We studied the effect of the NC chemical composition (CsPbCls; CsPbBrs;,
CsPbl), size, solvent (heptane and toluene) as well as shape (cubic or hexagonal particles) on
the self-assembly outcome during the provided beamtime.

The representative SAXS data revealing a transition from the colloidal suspension into the NC
superlattice state — visible by the appearance of Bragg reflections — as a function of evaporation
time are shown in Figure 1. Upon formation of the superlattice state, several transitions are
evident, which are the subject of the ongoing analysis.
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Figure 1. Time-resolved SAXS transitions from cubic CsPbBr3 NC suspension into self-assembled
superlattices during controlled solvent evaporation.
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