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Chemicals
Lead bromide (PbBr2, 99.999%), toluene (anhydrous, 98%), formamidine acetate salt (FA(ac),
99%), mesitylene (98%), hydrobromic acid (48%), diethyl ether (>99.9%) and octylamine (99%)
were purchased from Sigma Aldrich. Lead chloride (PbCl2, 99.999%), lead iodide (PbI2, 98.5%),
hydrochloric acid (36% w/w), and oleic acid (90%) were purchased from Alfa Aesar. N,Ndimethylformamide (DMF) was purchased from Fisher Scientific. Methylammonium Iodide
(MAI, >98%) was purchased from TCI. DMF was dried using sieves prior to use. All other
chemicals were used as received without further purification.
Synthesis of MAX (X= Cl-, Br-)
Methylammonium bromide (MABr) and methylammonium chloride (MACl) were synthesized
following a literature procedure.1 20 mL hydrobromic acid (48%) (or 8 mL hydrochloric acid)
was added to 10 mL methylammonium (33 wt% in ethanol) at 0˚C. The solution was kept
stirring in an ice bath for 3.5 hours and then the solvent was removed by evaporation. The
product was then washed three times with diethyl ether and dried under vacuum overnight.
Synthesis of MAPbX3 Nanocrystals (X= Cl-, Br-, I-)
Hybrid organic-inorganic perovskite (HOIP) methylammonium lead bromide (MAPbBr3)
nanocrystals (NCs) were synthesized following a modified literature procedure.1 100 µL dried
DMF was added to 10 mL anhydrous toluene, and the resulting solution was stirred under nitrogen.
A precursor solution was made by combining 0.018 g (0.16 mmol) MABr with 0.0734 g (0.2
mmol) PbBr2 in 5 mL DMF with 20 µL octylamine and 0.5 mL oleic acid. (Cl- and I- precursors
were also made in a similar fashion using the same molar amounts of MAX and PbX2 and
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excluding addition of oleic acid in the case of the Cl- precursor). 0.2 mL of the precursor solution
was then quickly injected into the toluene/DMF solution, and stirring was immediately stopped.
The solution reacted at room temperature for 2 minutes and was then cooled in an ice bath for 10
minutes. The reaction solution was allowed to sit overnight in order to separate precipitates from
the NCs. MAPbX3 particles with varying halide compositions (I-/Br- and Cl-/Br-) were synthesized
by combining desired amounts of halide precursor solutions prior to injection into the
toluene/DMF solution.
FA+ Cation Exchange Reaction
0.2 g FA(ac) was added to 20 mL of the as-synthesized MAPbBr3 perovskite NC colloidal solution.
The exchange reaction was monitored using UV-vis and photoluminescence (PL) spectroscopy,
and typically proceeded for 150 minutes before complete conversion to FAPbBr3 was achieved.
The resulting particles were separated from the FA(ac) solids by pipetting the upper solution and
filtering through glass wool. N2 was bubbled into the filtered solution for 10 minutes.
Formamidinium (FA+) cation exchange rections for the HOIP NCs with mixed halides followed a
similar procedure with altered reaction times. Power X-ray diffraction (XRD) was used to confirm
the completion of the cation exchange.
Measurements
UV-Vis absorption spectra were measured using an Agilent Technologies Cary 5000 UV-Vis-NIR
Spectrophotometer. PL spectra were measured using an Edinburgh Instruments Fluorescence
Spectrometer FS5. For all optical data, synthesized perovskite particles were diluted in anhydrous
toluene.
Powder XRD data was obtained on a Bruker D8 Discovery 2D X-ray Diffractometer equipped
with a Vantec 500 2D area detector (U= 40 kV, I= 40 mA, Cu Kα,1.541 nm radiation). Aliquots
of perovskite NCs in toluene were added to an equal volume of mesitylene. This solution was
dropped onto a glass slide, which was gently heated to remove the solvent. The XRD samples with
mixed halide compositions were prepared by putting the colloidal solution into a glass vial along
with a small picece of glass slide. Centrifugation was then used in order to form a NC film samples
onto the glass slide.2
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Transimission electron microscopy (TEM) measurements were performed on a JEOL 2100F
operated at 200kV. The sample in a toluene solution (~10 µL) was directly dropped onto a 300mesh copper TEM grid and dried in ambient conditions. FT-IR measurements were performed on
a Jasco FT-IR 4100. The NCs were collected through centrifugation and redispersed in a small
amount of hexane. The concentrated sample was directly dropped onto a NaCl pellet for the FTIR measurements.
PL lifetime measurements were performed on an Edinburgh Instruments Fluorescence
Spectrometer FS5-TCSPC with an EPLED-360 light source. PL QY measurements were
performed on an Edinburgh Instruments Fluorescence Spectrometer equipped with an integrating
sphere.
Calculations for halide composition determination and expected XRD peak shift in mixed
halide HIOP NCs
Halide composition in MAPbBrxX3-x (X= Cl- or I-) was calculated using Vegard’s law. Expected
change in lattice constant upon complete conversion to FAPbBrxX3-x was also calculated using
Vegard’s Law, and results were compared to measured lattice constants for final FA samples.3-6
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Figure S1. (A) Absorption (solid line) and PL emission (dotted line) spectra of starting MAPbBr3
nanocrystals showing an emission peak centered at 515 nm with a full width at half maximum
(FWHM) of 26 nm. Inset shows a photograph of the MAPbBr3 perovskite nanocrystals in
anhydrous toluene under UV illumination. (B) Absorption (solid line) and PL emission (dotted
line) spectra of FAPbBr3 nanocrystals showing an emission peak centered at 531 nm with a narrow
FWHM of 20 nm. Inset shows a photograph of the FAPbBr3 perovskite nanocrystals in anhydrous
toluene under UV illumination.
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Figure S2. Evolution of photoluminescence quantum yield during the FA+ exchange reaction.
Initial MAPbBr3 and final FAPbBr3 nanocrystals were measured using the integrating sphere.
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Table S1. Lifetime fitting results for FA+ cation exchange reaction (spectra shown in Figure 1D).
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Table S2. Evolution of the lattice constant in the hybrid organic-inorganic perovskite nanocrystals
over the course of the FA+ cation exchange reaction (full spectra shown in Figure 2A).
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Table S3. FTIR peak assignments for MAPbBr3 and FAPbBr3 particles (full spectra shown in
Figure 3A).7-8
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Figure S3. (A) XRD spectra of starting MAPbBr1.05Cl1.95 nanocrystals (blue) and final
FAPbBr1.05Cl1.95 nanocrystals (red) following the completion of the cation exchange. (B) Zoomed
in XRD spectra of rectangular area labelled in (A) for clear visualization of (200) peak shifting.

Table S4. Change in lattice constant in the chloride containing HOIP NCs upon exchange of MA+
with FA+ (full XRD spectra shown in Figure S3). Expected lattice constant of 5.82Հ for final
FAPbBr1.05Cl1.95 nanocrystals was calculated using Vegard’s Law.3-6

9

Figure S4. (A) XRD spectra of starting MAPbBr1.2I1.8 nanocrystals (green) and final FAPbBr1.2I1.8
nanocrystals (orange) following the completion of the cation exchange. (B) Zoomed in XRD
spectra of rectangular area labelled in (A) for clear visualization of (200) peak shifting.

Table S5. Change in lattice constant in the iodide containing HOIP NCs upon exchange of MA
with FA (full XRD spectra shown in Figure S4). Expected lattice constant of 6.16 Հ for final
FAPbBr1.2I1.8 nanocrystals was calculated using Vegard’s Law.3-6
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