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Supporting Information

Materials and Methods:

Synthesis of Methylammonium lodide: Methylammonium iodide (MAI) was
synthesised according to previously published methods.! Briefly, methylamine (33
wt.% in ethanol, Sigma Aldrich) was added to HI (57 wt.% in H2O, Sigma Aldrich) in
ethanol with stirring, under inert conditions. The mixture was left stirring for 4 hours
at room temperature. The MAI was crystallised by driving off the ethanol using a

rotary evaporator. The MAI was recrystallized from warm ethanol and washed using
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diethyl ether, followed by vacuum drying. After drying the MAI was kept in a

desiccator until use.

Dimethylamine Bubbling: A 38 wt.% precursor solution of CH3zNH3Pblz.xClx was
prepared by dissolving MAI and PbCl; in DMF at a 3:1 molar ratio. After the powders
were dissolved, dimethylamine was bubbled into the solution using previously

reported methodology. 2 Bubbling was done for for 1, 3, 5 or 7 minutes as required.

Fabrication of Planar Heterojunction Solar Cells: Planar heterojunction solar cells were
fabricated utilising previously published methods.® # Concisely, FTO-coated glass sheets
(7Qcm™ Hartford Glass) were etched with zinc powder and HCI (3M) to obtain the required
electrode pattern. The sheets were then washed with soap (2% Hellmanex in water),
deionized water, acetone, ethanol and isopropanol, and finally treated under oxygen plasma
for 10 min to remove the last traces of organic residues. A compact layer of SnO, was then
deposited on the glass using a modified version of the methodology presented by Anaraki et
al.® Briefly, SnCl4.5H,0 was dissolved in isopropanol at a concentration of 0.05M and stirred
at room temperature for 1 hour. The solution was then spincoated onto the substrates at 3000
rpm, after which the substrates were annealed at 180°C for 1 hour before being left to
naturally cool down to room temperature. The substrates were then immersed into a chemical
bath , which consisted of SnCl2-2H>O (Sigma-Aldrich) in deionised water (0.012 M), 20.7
mM urea (Sigma-Aldrich), 0.15 M HCI (Fisher scientific) and 2.87 uM 3-mercaptopropionic
acid (Sigma-Aldrich). The substrates were kept in an oven at 70 °C for 180 min, after which
they were sonicated in deionised water for 2 minutes. They were then washed with ethanol

and annealed at 180 °C for 60 min. The required amount of formic acid or dimethylamine



was added to the 38 wt.% perovskite precursor solution in DMF such that the overall
concentration of the solution was kept constant (3:1 molar ratio of MAI: PbClz) (PbCly,
Sigma Aldrich 98 %). The precursor solution was then spin coated directly onto the substrate
at 2000 rpm in a nitrogen filled glove box. The substrate was then left to dry under N for 10
min before being placed on a hotplate at 90°C where it was annealed for 180 min. For the
mixed-cation, mixed halide perovskite, a 1.25M solution of FAo.83MAo.17Pb(lo.s3Bro.17)s was
prepared using a 4:1 vol.:vol. ratio of DMF:DMSQO. The solution was spincoated onto the
desired substrate at 1000 rpm for 10 s, followed by 6000 rpm for 35 s. 100 pL of anisole was
dropped onto the substrate 35 s after the beginning of the spincoating. The films were then
annealed at 100 °C for 60 min. After annealing, the substrate was allowed to cool down to
room. Subsequently, the hole transport material (HTM) was dissolved in chlorobenzene (85
mg/mL with 30 mol % Li-TFSI and 80 mol % tBP as additives), and was spin coated onto the
perovskite substrates at 2000 rpm. 100 nm thick silver electrodes were then deposited under

high vacuum (10°%) through a shadow mask.

UV-Vis Spectrophotometry: The steady-state absorption spectra were acquired with a
Perkin-Elmer Lambda 1050 UV/Vis/NIR spectrophotometer. A stock solution of
thymol blue was prepared by dissolving 1 mg/mL of thymol blue (Sigma Aldrich) in
dimethyl sulfoxide (DMSO). The thymol blue solution was then added to neat and
acidified anhydrous dimethylformamide (DMF) such that the concentration of
indicator in the final solution was 10 vol.%. Measurements were taken in a
temperature controlled cuvette holder with constant stirring. All steady state
absorption spectra were acquired at 25 °C. For temperature dependent measurements,

the solution was held at 25 °C for 2 minutes, after which the solution was gradually



heated (over 15 minutes) to 95 °C, where it was held for 5 minutes, before being

cooled back down to room temperature.

Transmission and absorption spectra of thin films were collected using a VVarian Cary

300 UV-Vis spectrophotometer with an integrating sphere.

Dynamic Light Scattering (DLS): The DLS experiments were performed with a Zetasizer
Nano ZS instrument (Malvern Instruments, UK), equipped with a 633 nm He-Ne laser. In a
typical experiment each sample is measured three times with 15 runs per measurement (10-15
seconds per run). The temperature was stabilised during 120 seconds prior to the acquisition
of the data. All samples were measured in the backscattering mode. Most samples showed
high polydispersity, therefore the autocorrelation decays are fitted with a multimodal

distribution model.

Secondary lon Mass Spectroscopy:

Secondary ion mass spectrometry (SIMS) analyses were performed on an IONTOF ToF-
SIMS V instrument. The primary ion beam was a 25keV Bi* in BAM (bunched to 4 pulses to
avoid detector saturation). The sputter beam was Cs+ at 1keV and a beam current of 75nA.

The analytical area was 100um? with a sputter crater of 300um?

Current-Voltage Characterisation: Solar cell performance was measured using a class
AAB ABET sun 2000 solar simulator that was calibrated to give simulated AM 1.5 sunlight
at an irradiance of 100 mW/cm? . The irradiance was calibrated using an NRELcalibrated
KG5-filtered silicon reference cell. Currentvoltage curves were recorded using a sourcemeter

(Keithley 2400, USA). All solar cells were masked with a metal aperture that was used to



define the active area of the devices, which in this case was 0.0925 cm?. All devices were

stored in a desiccator in the dark for 12 h prior to testing.

External Quantum Efficiency Measurements: External quantum efficiency (EQE) was
measured via custom build Fourier transform photocurrent spectrometer based on a Bruker
Vertex 80v Fourier Transform Interferometer. Devices were illuminated with an AML1.5
filtered solar simulator. Devices were calibrated to a Newport-calibrated reference silicon
solar cell with known external quantum efficiency. The devices were masked with a metal

aperture with a defined active area, 0.0919 cm?.
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Figure S1: Absorbance of thymol blue in DMF at 402 nm when solution is held at 95 °C and
measured continuously for 24 hrs.
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Figure S2: (a), (b) and (d) Absorption spectra of thymol blue in neat, and acidified DMF
before (solid lines) and after (dashed lines) temperature cycling. (c) and (e) Difference in the
peak 402 nm absorbance before and after temperature cycling.
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Figure S3: Evolution in the absorbance of thymol blue in DMF + 100 pL/mL of H,O at 402
nm, with time and temperature.
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Figure S4: Evolution in the absorbance of thymol blue in DMF with 20 puL of HPA at 402
nm, with time and temperature.
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Figure S5: Dynamic Light Scattering. Change in the colloid size and distribution of

CH3sNH3Pblz-xClx with the addition of dimethylamine, bubbled into the solution for 0, 1, 3, 5
and 7 minutes.
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Figure S6: X-Ray Diffraction. X-ray diffraction patterns of CHaNHzsPbls films fabricated
from neat DMF (ctrl), and DMF acidified with varying amounts of formic acid (FAH) and
hydrohalic acids.

Figure S7: Scanning Electron Microscopy. SEM images of CH3NH3Pblz.xCly films
fabricated with various amounts of HI and HCI added to the precursor solution.
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Figure S8: Secondary lon Mass Spectroscopy. Spectrographs of films of CHsNH3PblsxCly
films fabricated from precursor solutions with (a) neat DMF, and (b) DMF and 30 pL/mL of
formic acid.
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Figure S9: Secondary lon Mass Spectroscopy. Spectrographs of films of CHaNH3zPblzxClx
films fabricated from precursor solutions with neat DMF (a)and (b), and 0.02 vol.% of HCI

(c) and (d), and HI (e) and (f).
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Figure S10: Secondary lon Mass Spectroscopy. Spectrographs of films of CH3NH3Pbls.
xClx films fabricated from precursor solutions with neat DMF (a)and (b), and 0.02 vol.% of

HPA (c) and (d), and formic acid (e) and (f).
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Figure S11: Statistics on the performance parameters of solar cells fabricated from neat and
acidified DMF-based CH3NH3sPblsxClx precursor solutions.
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Figure S12: Statistics on the performance parameters of solar cells fabricated from neat and
alkalinized DMF-based CH3sNH3PblsxCly precursor solutions. Solutions were bubbled with
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Figure S13: Current-Voltage curves of the solar cells fabricated from a neat, and an acidified
precursor solution of CH3NH3zPblz.xClx.
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Figure S14: External Quantum Efficiency of champion CH3NH3sPbls.x Clx devices fabricated
from neat DMF and from DMF with formic acid, giving integrated current densities of 22.0
mA/cm? and 22.4 mA/cm? respectively. Both values are in good agreement with the Jsc

obtained during the current-voltage characterisations.
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Figure S15: Photoluminescence quantum efficiencies of FA0.83MAo.17Pb(lo.s3sBro.17)3 films

fabricated from precursor solutions with varying concentrations of formic acid.
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Figure S16: SEM images of FA0.83MAo.17Pb(lo.s3Bro.17)3 films fabricated from precursor

solutions with and without formic acid.
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Figure S17: (a) X-Ray diffraction patterns of films of FA0.83sMAg.17Pb(lo.83Bro.17)s films
fabricated from precursor solutions made with neat solvent, and solvent with 7.5 vol.%
formic acid. (b) Close-up view of the 110 peak of the perovskite films fabricated with and
without acid, showing almost identical peak widths and intensities. The difference in the ratio
of the intensities of the peaks shown in the films fabricated with and without formic acid,

indicates a slight difference in the orientation of the crystals in the film.
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Figure S18: Forward and reverse current-Voltage curves of the solar cells fabricated from a
neat, and an acidified precursor solution of the mixed-cation, mixed-halide perovskite
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Figure S19: Performance parameters for a batch of CHa3NH3sPbls.xClx devices where the

compact layer was pre-treated with acidified DMF at different concentrations of FAH.
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Figure S20: Performance parameters for a batch of FA0.8sMAo.17Pb(lo.83Bro.17)3 devices where

the compact layer was pre-treated with acidified DMF at different concentrations of FAH.
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Figure S21: Tauc plot showing the band gap determination of the mixed-cation, mixed-

halide perovskite FA0.s3MAo.17Pb(lo.s3Bro.17)s, assuming a direct band gap material.
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Figure S22: External Quantum Efficiency of champion FAq.8s3MAo.17Pb(lo.s3Bro.17)3 device
fabricated with and without formic acid, giving integrated current densities of 20.4 mA/cm?

and 22.7 mA/cm? respectively.
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