


EXPERIMENTAL METHODS

Materials

Lead(II) iodide (99.0 %, Sigma-Aldrich), [4-(trifluoromethyl)phenyl]methanamine hydroiodide (> 98.0 %,

TCI Chemicals), N,N-dimethylformamide (anhydrous, 99.8 %, Sigma-Aldrich), cis-9-octadecenoic acid (oleic

acid; > 99.0 %, Sigma-Aldrich), cis-1-amino-9-octadecene (oleylamine; > 98.0 %, Aldrich), chlorobenzene

(anhydrous, 99.8 %, Sigma-Aldrich), and cyclohexane (anhydrous, 99.5 %, Sigma-Aldrich) were used as

received.

Characterization

Field emission scanning electron spectroscopy and energy-dispersive X-ray spectroscopy were performed

on a Hitachi Regulus 8230 Ultra-high Resolution Scanning Electron Microscope. Atomic force microscopy

was conducted on a Bruker Dimension Icon Atomic Force Microscope with ScanAsyst. Samples for SEM

and AFM observations were prepared by spin-coating the colloidal lyotropic liquid crystalline dispersions

of perovskite nanoplatelets (about 100 mg per mL in chlorobenzene) onto flat silicon (111) surfaces at a

spinning speed of 6000 revolutions per minute for 60 seconds followed by thermal annealing at 373 K for

10 minutes. Excess surfactants on the samples were removed by immersion in a large volume (50 mL) of

cyclohexane for about 30 minutes then dried in a nitrogen or argon atmosphere. Powder X-ray diffraction

patterns were collected on a Bruker D8 ADVANCE Diffractometer using copper K-alpha radiation (with a

wavelength of 0.15406 nm). Photoluminescence excitation and emission spectroscopy were performed

on a Hitachi F-4600 Fluorescence Spectrophotometer and the perovskite liquid crystalline dispersion was

sealed in a quartz cuvette with an optical path length of 1 mm. Ultraviolet-visible absorption spectroscopy

was conducted on a PerkinElmer LAMBDA 25 UV-Vis Spectrophotometer, and the colloidal liquid crystal

was sandwiched between two parallel glass slides separated by a distance of about 100 micrometers. The

polarized optical microscopy images were obtained from a BM2100POL Polarized Optical Microscope.



Synthesis of Colloidal Liquid Crystals of Two-Dimensional Organic-Inorganic Metal Halide Perovskites

Unless otherwise stated, all experiments in this study were conducted at room temperature (about 298 K)

in one atmosphere of air. In a typical experiment, colloidal nanoplatelets of two-dimensional metal halide

perovskite (4-CF3-C6H4-CH2NH3)2PbI4 were synthesized by very slowly adding an N,N-dimethylformamide

solution (0.1 mL) of [4-(trifluoromethyl)phenyl]methanamine hydroiodide (2.0 mol/L) and lead(II) iodide

(1.0 mol/L) into a chlorobenzene solution (10.0 mL) of cis-9-octadecenoic acid (oleic acid, 3.17 mmol/L)

and cis-1-amino-9-octadecene (oleylamine, 3.04 mmol/L) over a period of about 60 seconds at a stirring

speed of 3000 revolutions per minute. These perovskite nanoplatelets were isolated as yellow-colored

solids by high-speed ultracentrifugation (about 100,000 m/s2 for 15 minutes at 283 K), then immediately

redispersed in another chlorobenzene solution (10.0 mL) of cis-9-octadecenoic acid (3.17 mmol/L) and

cis-1-amino-9-octadecene (3.04 mmol/L) by sonication at 273 K, where a highly stable colloidal dispersion

has been formed. Perovskite nanoplatelets were separated from this suspension by ultracentrifugation

(about 100,000 m/s2 for 60 minutes at 283 K) again (it should be noted that an amount of the perovskite

nanoplatelets could not be isolated as solids after this step, instead they form yellow-colored transparent

organogels between the solid-state precipitates and the clear supernatant solution), then the solids were

redispersed in a chlorobenzene solution (1.0 mL) containing cis-9-octadecenoic acid (31.7 mmol/L) and

cis-1-amino-9-octadecene (30.4 mmol/L) by sonication at 273 K, after which a highly stable suspension of

colloidal nanoplatelets of bis{[4-(trifluoromethyl)phenyl]methanammonium} tetraiodoplumbate(II) could

be eventually obtained (with a concentration of approximately 100 mg per 1.0 mL), where the perovskite

nanoplatelets self-assembled into lyotropic liquid crystalline phases with optical anisotropy observable

between two perpendicularly oriented linear polarizers.




