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Experimental

Thin film preparation. Planar TiO,, mesoporous TiO,, and perovskite precursors and films
were prepared following reported procedures.!- Briefly, compact TiO, films were prepared
using a chemical bath deposition method where the FTO substrates were placed in a bath of 40
mM TiCl, solution at 70 °C for 30 minutes. The mesoporous TiO, layer was made by diluting
commercial Dyesol 18NR-T titania nanoparticles (20 nm) in ethanol. This solution was spin
coated onto the compact TiO, layer and then sintered at 500 °C. 0.693 g of Pbl(1.5 mmol),
0.239 g of MAI (1.5 mmol), and 0 g, 0.050 g (0.75 mmol), 0.100 g (1.5 mmol), or 0.200 g (3
mmol) of MACI was dissolved in 2.75 g of dimethylformamide (DMF) at room temperature to
form four different precursor solutions-noted as 0 MACI, 0.5 MACI, 1 MACI, and 2 MACI,
respectively. These solutions were then spin coated on either a planar or mesoporous TiO, coated
FTO substrate. Samples were annealed for the desired time (1, 10, 25, and 45 min) for 0 MACI,
0.5 MACI, 1 MACI, and 2 MACI, respectively, producing 300 nm thick films.

Single crystal synthesis. The reference MAPDI; single crystals were synthesized following
published procedures.* Equimolar mixture of CH3;NH3I and Pbl, were dissolved in gamma-
butyrolactone. The solution concentration was controlled at 1.23 M. This solution was allowed to

heat at 100 °C for 24 hours until the perovskite single crystal formed.

Characterization: The crystal structure of MAPbI; films were characterized using a Rigaku
MiniFlex XRD equipped with a Cu k, source (A = 1.54 A).

Spectroscopic Methods: Ground state UV-visible absorption measurements were performed on
a Varian Cary Bio 50 photospectrometer. Steady state PL measurements were obtained using a
Varian Eclipse fluorescence spectrometer. TRPL measurements were use a Clark MXR CPA-
2001 laser (A = 780 nm with a pulse width of 100 fs and repetition rate of 1 kHz) as excitation
light source. The fundamental beam was passed through a Light Conversion optical parametric
amplifier (TOPAS) to generate the excitation light (480 nm) via sum frequency mixing. Samples
were excited using a fluence of 2.1x10'3 photons cm™ pulse’!. TRPL measurements were

performed using an Optronis streak camera.
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Supporting Results
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Figure S1. XRD of perovskite with 0 MACI (black) and 0.5 MACI (red) on A) planar and B)

mesoporous TiO, coated FTO substrates. FTO (red), TiO, (blue), and Pbl, (green) peaks are

indicated with color-coded asterisks. The grey dashed lines are indicators for peaks from non-

perovskite materials.
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Figure S2. Instrument response function (IRF) of the TRPL measurements obtained from
scattered excitation light with a 100 fs laser pulse. The temporal full width at half maximum of

the streak image is 0.19 ns.
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Figure S3. A) SEM image and B) XRD of the MAPDI; single crystal.
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Figure S4. A) TRPL contour plot of the MAPbI; single crystal. B) Decay kinetics obtained by

monitoring the PL at 780 nm and fit with a bi-exponential function.
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